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Standing at the close of three-quarters of a century, 
marked by intense scientific activity attended by amazing 
progress along all lines, the most superficial consideration 
of photography and its applications exhibits it as one of 
the most important factors in the life of to-day, evolved 
from that activity. Using the term in its most comprehen- 
sive conventional sense, it touches at numberless points all 
sciences, all professions, all trades and industries. It would 
be a hopeless task to compress into the limited time, very 
properly assigned to this the most recent branch of this 
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Section, on this occasion the most imperfect statement of 
the achievements of photography, to say nothing of indul- 
gence in speculations as to its further possibilities. But 
the occasion does not seem to require it. It belongs to the 
Franklin Institute, and at this, its seventy-fifth anniversary, 
it seems appropriate to consider photography and its his- 
tory in its relations to the Institute, for photography and 
the Franklin Institute were young together. They have 
grown up together. It has had a share in the making of 
modern photography. When the Franklin Institute was 
founded, the word photography had not been coined, or at 
least had not struck the ear of the lexicographer. It may 
have been one of many words used according to the fancy 
of the individual investigator to connect the accumulating 
facts of an inchoate branch of science; but it was not the 
first, and when it did put in an appearance, it was not free 
from adverse criticism. There was a time when heliography 
may have been preferable, but with the extended industrial 
use of the electric light, magnesium light and even gas 
light, to say nothing of the Réntgen rays, it would be 
much more of a misnomer to-day than photography, which 
word must be regarded as holding its place to-day, as the 
survival of the fittest. It is aninteresting coincidence, too, 
that the year that witnessed the founding of the Franklin 
Institute is, perhaps, the most important in the history of 
photography. It was not, it is true, the year in which any 
important discovery was made or announced. It was sim- 
ply the initial year of those experiments that culminated 
in the discovery that constitutes the birth of modern 
photography. It was in that year that Daguerre first 
turned his attention to photographic investigations. For 
after all has been allowed that is to be credited to, or even 
claimed for others, he still remains the central figure in 
photographic history. Photographic events date backward 
and forward from him. Without his discovery all photo- 
graphic that preceded him would have been embalmed in 
the history of science, overlooked and perhaps entirely lost, 
until revived by the touch of some such great discovery as 
his. His success at once caused all records to be ransacked, 
to be assured that he had, indeed, made so unique and mar- 
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vellous a discovery. As usual in such cases, some things 
were found that at first sight seemed to reduce his claims, 
but which, when fully considered, do not affect them in the 
least. In 1824, then, he entered upon the fourteen years of 
solitary, discouraging, almost hopeless, but unintermitted 
experiments, that finally resulted in the discovery to which 
his name has adhered. Accustomed as we have become to 
the almost daily announcement of similar great unexpected 
and unheralded discoveries, we can hardly realize the sensa- 
tion it created, nor the struggle between the great desire to 
believe it true, and the incredulity of that day, so much 
greater than that of our own. This was even heightened 
about that time by the then recent “ Moon hoax,” to which 
the announcement of Daguerre’s discovery was compared, 
even by scientific men. In his classical history of chemis- 
try, Kopp, who doubtless wrote from personal acquaintance 
with individuals present in Paris at the time, in seeking for 
a parallel to the excitement occasioned by Davy’s great dis- 
covery of the metals of the alkalies, in the early part of the 
century, says of it, “something like that occasioned by 
Daguerre’s discovery in our time.” From that date, 1839, 
we pass rapidly backward into the hazy prehistoric period, 
that belongs to every branch of science, from which many 
interesting items have been recovered by the curiosity 
aroused by the practical success of his process. From that 
date forward, we have only to note an immediate, rapid, 
steady development. There is no disposition by this state- 
ment to unduly magnify the merits of Daguerre, much less 
to minify the claims of others, but simply to accentuate 
the epoch-making character of his discovery. So much has 
been written with a bias, in many cases inspired by national 
partiality, and is being so frequently repeated, that the 
salient and indisputable facts are often overlooked. It may 
not, therefore, be out of place here to bring together rapidly 
facts generally received, in such connection and sequence 
as to exhibit the origin and making of modern photog- 
raphy. 

What then was the condition of photographic research 
in 1824? Overlooking all alchemistic and other accounts, 
however curious and interesting, but without effect upon 
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the history of photography, we find, in 1777, the illustrious 
Swedish chemist, Scheele, engaged in investigating scientifi- 
cally, carefully, we might almost say exhaustively, the inter- 
esting fact, long known, that silver chloride darkens under 
the influence of light. He allowed sunlight that had passed 
through a prism to fall upon silver chloride spread upon 
paper on the floor of the darkened room, and demonstrated 
that the violet ray was most effective in producing the 
change. He further established the fact that chlorine was 
liberated in the operation. But this, the usual, statement 
of these facts, and a correct one from the point of view of 
to-day, conveys a very wrong impression of Scheele’s pur- 
pose, and of his interpretation of his results. The object 
of his investigation was not the action of light on silver 
chloride, but the action of silver chloride, or horn silver, as 
it was then called, on light; and he did not state his results 
in the way given. The scientific world of that day was 
dominated by the curious, almost fanciful, phlogiston the 
ory of combustion. That hypothetical something, or noth- 
ing, was always present in their thoughts whilst investi- 
gating. Scheele was trying to demonstrate that phlogis- 
ton was present in sunlight, and he explained his results 
by saying that silver calx removed the phlogiston most rap- 
idly from the violet ray. The change in the silver chloride 
he explained as loss of dephlogisticated spirit of salt. Dis- 
entangled then from the theories of his day, Scheele made 
two important discoveries, which we recognize to-day as 
photographic. Many eminent investigators repeated his 
experiments. In 1798 Rumford, as the result of elaborate 
experiments, contended that the change was due to heat, 
and nottolight. In 1801 Ritter, incited doubtless by the de- 
tection of heating effect, by Sir W. Herschel, the year before, 
in the space beyond the red of the spectrum, announced the 
discovery of photographic effect in the invisible region be- 
yond the violet. He also demonstrated an opposition of 
effect of the red and violet rays, and explained it. by an oxi- 
dizing action of the former, and a reducing action of the 
latter. In 1802 Wollaston arrived at substantially the same 
results; but in investigating Ritter’s explanation of the 
opposition of the red and violet rays, from which he dis- 
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sented, he employed a photographic substance of a new 
class, namely, gum guaiacum, and considered its change of 
color under the influence of light. In 1804 Young employed 
a silver salt successfully to investigate Newton’s rings, 
projected by a solar microscope. So Vogel, Seebeck, 
Senebier, Davy, Berard, in fact almost every scientific 
man of prominence of that period, pursued similar lines 
of investigation. The motive of most of these was strictly 
scientific, such as the determination whether the solar beam 
contained three essentially different agents, of which the 
actinic was but one, the photogenic production of the 
colors of the spectrum, the exploration of the invisible 
regions of the spectrum, and the like. In the apparent 
chaos of carefully observed facts, there are many that 
advanced photography of to-day imparts new interest to, 
and that might well repay reinvestigation. There was but 
one notable attempt at practical application of facts. In 
1802 Thomas Wedgewood, son of the porcelain manufac- 
turer, in connection with Davy, published a method of 
copying pictures painted on glass, fibers of leaves, wings 
of insects, and so forth, by pressing them in contact with 
paper coated with nitrate or chloride of silver and exposing 
to sunlight; but, failing in all their efforts to prevent the 
continued darkening of the pictures obtained in this way 
by the action of light, they were obliged to preserve them 
in the dark, and could only examine them by candlelight. 
During the decade preceding the founding of the Institute 
there was almost a complete lull in scientific activity along 
these lines. During this time, however, there was one man, 
Nicephore Niépce, who had been working on from 1814, 
with great tenacity of purpose, trying to fix the images of 
the camera. He had sufficient suggestions of success to 
keep him at work. He did not approach the subject from 
the scientific side, nor from purely scientific impulses, but 
with a desire for immediate practical results. He had 
become interested in the recently-discovered process of 
lithography. The difficulty of procuring suitable stone 
suggested the use of metallic plates, and it occurred to him 
to substitute light for the hand in drawing the pictures. 
After experimenting with various substances, among them 
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silver chloride, he discovered that bitumen of Judea was 
rendered insoluble in certain solvents by the action of light. 
He coated metallic plates with a thin varnish of it; exposed 
them when dry to the sunlight under engravings, previously 
varnished to render them more transparent, and then dis- 
solved out the unchanged bitumen of the parts protected 
from the light. After a measure of success in thus copying 
engravings, he experimented with the pictures of the 
camera on similar plates, and there seems to be no question 
that about 1827 he had obtained pictures by this process, 
however imperfect. He named the process “ Heliography.” 

In 1824, Daguerre, entirely ignorant of Niépce or his 
work, entered upon a similar pursuit, upon parallel lines, 
inspired by a similar desire for immediate practical results. 
He was a scene painter in Paris, and an artist of no mean 
character, and of great popularity in that city. The 
diorama, invented by him, was the sensation of the day. 
Crowds were entertained by its surprising effects. He was 
aided by the camera in preparing his scenes. The wish to 
fix its fleeting pictures might occur to any one, but it took 
complete possession of him, although the pursuit was more 
unpromising than that of the alchemists. He worked alone 
and in secrecy, with but little encouragement. His methods 
were empirical rather than scientific. About 1826 he 
learned of another worker in the same field. He imme- 
diately wrote to him. Niépce, distrustful of the unknown 
writer, threw the letter in the fire. A lettera year later met 
with a better reception. The correspondence continued, at 
first with almost suspicious reserve.. Niépce visited Paris, 
met Daguerre, was greatly impressed with his diorama. 
Both seemed to enjoy an exchange of experiences that 
belonged to them alone. Niépce wrote his son, that 
Daguerre persisted in regarding his (Niépce’s) process as 
better than his own, but that one thing was certain, they 
were entirely different. A partnership, styled Niépce- 
Daguerre, was formed, with equal interest. The article of 
agreement, dated December 14, 1829, was signed by Niépce 
as “ Land owner at Chalons sur-Saone,” and by Daguerre as 
“ Artist Painter, Member of the Legion of Honor, Manager 
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of the Diorama.” Under the terms of the partnership, 
Niépce contributed his process of Heliographie, and his 
experiments, which Daguerre agreed to assist in improving, 
and also contributed his improved camera, which was re- 
garded as of great value, as it most likely was. Daguerre 
improved the process, but was diverted altogether from it 
by the accidental discovery of the sensitiveness of silver 
iodide to light. In the bitumen pictures the blacks of the 
original were represented by bright polished metal, from 
which the unchanged bitumen had been removed, and the 
whites by the changed bitumen. To convert these negative 
pictures into positives, Niépce experimented with a variety 
of substances, among them vapor of iodine, to darken the ex- 
posed metal, and then dissolved off the bitumen from the 
whole plate. It is said that Daguerre observed, that the 
shadow of a spoon that happened to be lying on a polished 
silver plate that had been exposed to the vapor of iodine, was 
permanently impressed upon it. Slight as every one knows 
this direct effect of light on iodide of silver to be, Daguerre 
seemed to see in it new possibilities for camera pictures. 
Niépce, however, after experimenting with it at Daguerre’s 
suggestion, expressed regret that he had lost so much time 
in following his recommendation. He repeated that he did 
not see that they could hope to secure any advantage from 
this process, and suggested other substances as better. 
Niépce died in 1833. Success seemed as remote as at the 
formation of the partnership. The partnership was renewed 
with the son, Isidore Niépce. Daguerre now entered with 
even greater enthusiasm and undivided effort into the pur- 
suit. He neglected the diorama, and lived in his labora- 
tory, to which no one: had access, not even Isidore Niépce. 
He became so much wrought up by his unsuccessful experi- 
ments that his wife, according to Dumas, consulted physi- 
cians in regard to his sanity. Finally there came to his 
assistance an accident which conducted to a fundamental 
discovery, as fundamental to-day as it was then. The mode 
of the discovery has not only a species of romantic interest 
of its own, but, as I recollect it, given by Professor Liebig 
in one of his lectures, as one of the finest specimens of the 
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inductive method, coming thus from one thoroughly familiar 
with the Paris of that day, it has an added air of authen- 
ticity that may excuse the narration of it in this connection. 
Daguerre’s method of experimenting was to expose polished 
silver plates to the vapor of iodine until coated with a layer 
of iodide, then to subject them to the image in the camera. 
These plates, always without the hoped-for result, or at 
most the very feeble direct effect, were repolished, reiodized, 
re-exposed in the camera with the same disheartening re- 
sults. On one occasion, upon removal of such an exposed 
plate from a closet,in which it had been stowed, to repolish 
it for a new experiment, to his great surprise he found upon 
it the view to which it had been exposed in the camera, not 
an uncertain, feeble picture, such as he had been accus- 
tomed to, but a strong, clear, unmistakable one. He exposed 
another plate in the camera, without visible effect, stowed 
it in the closet, again to find the invisible picture put in an 
appearance. He had no way of explaining the result. All 
his years of investigation furnished him no clue to the in- 
fluence at work. He set about systematically to discover 
it. He could only conclude that it must be something in 
the closet. He placed plate after plate, after exposure in 
the camera, in the closet, each time first removing some- 
thing from the closet. Each time the invisible became 
visible. Atlast nothing remained but some mercury spilled 
on the floor of the closet. Thus by this method of elimina- 
tion the magician was detected. It was a short step to sub- 
ject plates that had been exposed in the camera to vapor of 
mercury, and the daguerreotype process was complete. But 
the discovery was far more than simply that of a process. It 
was that light can produce an invisible effect, a latent effect, 
as it has been called, previously entirely unsuspected, which 
may be rendered visible by suitable agents, which we call 
developers, and, what was of most practical value, an effect 
produced in so short a time as to render camera pictures 
easily possible. Upon it all modern photography, the prime 
factor in which is the negative, is based, and a great part 
of the photographic literature of to-day deals with develop- 
ment and developers. If one name, then, is to be selected 
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as representative in the history of photography, there can 
be no question but that it should be that of Daguerre. 
This seems to have been the view taken by the authorities 
of the Congressional Library at Washington, and there was 
a singular fitness in placing his name there with that of 
Guttenberg in the Hall of Inventors. The name of Niépce 
might have been placed there too, but certainly in a subor- 
dinate position, or have been left out, as it has been, with- 
out manifest injustice, although his merit is of a high order. 
He was an independent, ingenious, indefatigable experi- 
menter and investigator. His bitumen process may be re- 
garded as entirely his own, although the important principle 
underlying it, of change of solubility effected by light, to- 
day of widely-extended application, was, at least, suggested 
to him, according to a letter by him, by the experiments of 
Wollaston with gum guaiacum, which experiments, however, 
his own failed to substantiate. Although his process was 
measurably successful, it was extremely slow as a camera 
process, requiring from six to eight hours in the sunlight, 
and not only imperfect, but impracticable, and, looked at 
even from our present point of view, had in it no possibility 
of growth or development into a practicable camera process. 
There is nothing in it in common with, or suggesting in any 
degree, the negative processes of to-day, and, however credit- 
able his work and its results, photography, as we understand 
it, would have begun and ended with Niépce and his pro- 
cess. The discovery of Daguerre, however, of a latent effect 
of light, produced in a much shorter time than any direct 
effect and developable, was a unique fact in science. It 
was independent of, and unsuggested by, anything that had 
preceded it. The guesses of Sir John Herschel in regard 
to it, after its announcement and before its publication, 
accentuate this important fact. It was in the line of his 
investigations, and in commenting on Daguerre’s con- 
cealed process, as he termed it, he gave four possible 
explanations of it, no one of which proved to have any- 
thing in the remotest degree in common with it, as 
published a few months later. It had in it all the possi- 
bilities of the negative processes of to-day, in which time of 


f 5 
} 
| 
| 
— 
ik 
— 


410 Himes; 


exposure has been reduced to the smallest fraction of a sec- 
ond, as shown in the kinetoscope and the snap shots of 
the amateur, The development of modern photography, 
with all its practical applications, from it was like the 
growth, and very rapid growth, from a germ. 

Had this fact been left by Daguerre with simply the sug- 
gestion of a practical application, its importance would have 
been the same. But he gave a process founded upon it com- 
mercially complete, immediately available, with results pos- 
sessed of highest intrinsic merit, which contributed much to 
the growth of practical photography. An account from a 
Parisian newspaper of the day will serve to emphasize this 
statement as to the character of the results: ‘“ The depu- 
ties” (of the French Assembly) “during the day crowded 
to the room attached to the Chamber of Deputies, in which 
the pictures were displayed.” ‘They were struck with the 
marvellous minuteness of detail which these views, espe- 
cially those of the streets, exhibited.” “Inthe one of the 
Pont Marie all the minutest indentations and divisions of 
the ground, or the buildings, the goods lying on the wharf, 
even the small stones under the water at the edge of the 
stream, and the different degrees of transparency given to 
the water, were all shown with the most incredible accuracy. 
The use of a magnifying glass revealed an infinity of other 
details quite undistinguishable by the naked eye, etc.” 
This might be taken as the description of a first-class pho- 
tograph of to-day. But it may be said, after all, it was only 
the result of a happy accident. That could be said of many 
discoveries. The list of such accidents to purely scientific 
men would be along one. But such accidents only happen 
to such men as work their way across their paths, and can 
appreciate them, otherwise they come and go unnoticed. 
The accident is frequently the final event of a long series 
that seems to be credited with too large a share of the ulti- 
mate success, Daguerre was a lucky fellow, but he was not 
a scientific Micawber. The commercial reception of the dis- 
covery is interesting, perhaps instructive. In 1838 the pro- 
cess was considered so far advanced as to be put in opera- 
tion. From March 1sth to April 15th subscription books 
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were kept open for 400 shares of 1,000 francs each. Not a 
share was taken. The process was offered for 200,000 francs 
and no purchaser appeared. In January, 1839, the secret 
was imparted to Arago, who was So impressed by it that he 
exerted himself to procure recognition for it from the French 
Government, which pensioned Daguerre and Niépce, and 
gave the discovery as a gift to the world, without the re- 
striction of a patent, except in England, where one had al- 
ready been taken out. On the 1oth of August, 1839, the 
process was communicated by Arago to a joint meeting of 
the Academy of Sciences and the Academy of the Fine Arts, 
held for the purpose. The Mazarin Palace in which the 
meeting was held was not only filled with an audience of 
unusual character, but the approaches to it were crowded. 
This early period of photography cannot be passed over 
without mention of the name of Henry Fox Talbot, of 
England. He was aman of many-sided scientific charac- 
ter, and an independent investigator in the photographic 
field prior to Daguerre’s discovery, and therefore not in- 
spired by it to investigation. In 1839, January 31st, he read 
a paper before the Royal Society, entitled, “Some Account 
of the Art of Photogenic Drawing, etc.,” embodying a prac- 
tical process on paper based on the abandoned process of 
Wedgewood and Davy, which he improved and also com- 
pleted by fixing the pictures, although imperfectly, in a 
solution of common salt or potassium iodide. The substi- 
tution of sodium hyposulphite, first suggested by Sir John 
Herschel, for the iodide soon followed. He further sug- 
gested indefinite photographic multiplication of the paper 
originals, by taking impressions from them on similarly 
prepared paper, and upon the publication of Daguerre’s 
discovery of a latent effect of light, was quick to apply it 
to the preparation of a paper sensitive enough for camera 
impressions; and by rendering these transparent, greatly 
facilitated indefinite photographic multiplication of the 
original negatives as positive pictures, although the terms 
negative and positive, in this connection, were first used by 
Herschel. His Calotype process was patented by him in 
1841. Although there is nothing in it that would call for 
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the association of his name with those of Daguerre and 
Niépce, yet, as an independent investigator, scientifically 
trained, he deserves prominent mention, as one whose appli- 
cations of known facts at once greatly stimulated the practice 
of photography and its consequent rapid improvement. In 
addition to the introduction of photographic multiplication 
by the use of a translucent support for the sensitive com- 
pound of silver, the replacement by him of the formation of 
such a compound by the direct combination of the halogen 
with the silver, as in Daguerre’s process, by the reaction be- 
tween silver nitrate and a metallic haloid, was typical of 
more modern photography. 

It is interesting at this point to note the reception of the 
discovery in America. There was at least one man 
thoroughly ready to appreciate the scientific features 
of the process and to apply it. The numerous papers 
contributed to the /ournal of the Franklin Institute by 
Dr. John W. Draper, several years before Daguerre’s dis- 
covery, detailing investigations, are classical, and sur- 
prise us even to-day by their minute accuracy and anticipa- 
tion of solutions of questions long subsequent. But he 
escaped making Daguerre’s discovery. He succeeded, how- 
ever, in doing what Daguerre had not yet succeeded in ac- 
complishing. He took the first portrait by Daguerre’s pro- 
cess, although, as we shall note, this claim is disputed in 
favor of a Philadelphian. He took the first photograph of 
the moon. He applied the process in a variety of ways 
in scientific investigation. But nowhere did the announce- 
ment lead to practical application’ as quickly as in Phila- 
delphia. The old American Philosophical Society and the 
then young Franklin Institute had members alert for any- 
thing that was newin science. Joseph Sexton took the first 
photographic view in America, out of a window of the Mint, 
with very crude apparatus in October, 1839. Robert Cor- 
nelius, a lamp-maker, took a portrait in the latter part of 
1833, some claim before that made by Draper. The Frank- 
lin Institute, in its exhibition in 1840, displayed some of the 
first results. The Ledger, in its account October 12th, 
states: “ Throughout the room are various specimens of 
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the daguerreotype. They consist mostly of miniatures.” 
This shows great enterprise for a day of sailing vessels, 
when it is remembered that Daguerre’s process had only 
been made public in Paris in August, 1839. But the part 
that Philadelphia had has been so fully treated in a lecture 
before the Franklin Institute several years ago by Mr. Julius 
F. Sachse* and published in its /ourna/, that I can do no bet- 
ter than torefertoit. But one fact of permanent effect, and 
of exceeding interest in this connection, is the strong body 
of amateurs in the art which sprang up in Philadelphia, 
and which has always characterized it; strong not only in 
numbers, but in scientific character and motive. 

I think I am not mistaken when I assert that the first 
independent photographic society in America was the Phil- 
adelphia Photographic Society, as the American Philo- 
sophical Society was the earliest scientific society. It was 
organized in the heroic days of photography, when the 
practice of photography meant a great deal; when press- 
the-button and snap-shot work were unknown. Mem- 
bers of the Philosophical Society and of the Institute 
were active in founding it and making its creditable rec- 
ords. Dr. Coleman Sellers, President of the Institute, was a 
prolific writer on photographic subjects, always instructive 
and practical. Joseph M. Wilson, who is doing so much to 
give Philadelphia pure water, also a, former president, has 
been an enthusiastic amateur from his boyhood. There 
are so many others, who have not filled that high position, 
active in advancing photography, that I must refrain from 
mentioning any,except Mathew Carey Lea, so well known as 
one of the most indefatigable, painstaking scientific investi- 
gators, whose contributions to this subject, largely along 
lines all his own, are not only of present practical value, 
but full of promise to investigators, which the future will 
doubtless realize. His apparatus bequeathed tothe Frank. 
lin Institute will form a fine nucleus for the encourage- 
ment of photographic investigation. When Professor 


* Sachse, Philadelphia’s Share in the Development of Photography, Jour. 
Frank. Inst., 136, 271. 
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Henry Morton, then Secretary of the Institute, organized 
the highly successful expedition to photograph the total 
eclipse of 1869, under the auspices of the National Govern- 
ment, he was able to draw largely from the membership of 
the Institute for his efficient corps of observers. 

But to return to the development of photography. One of 
the most tantalizing defects of the process, as published by 
Daguerre, was its slowness. It suggested portraiture, but just 
came short of desired success. In 1840 the requisite increase 
of sensitiveness was obtained by the use of bromine in con- 
nection with iodine, and the trio of silver haloids in use to- 
day’was completed. This use of bromine as an accelerator, 
as it was called, was published by Goddard, of London, in 
1840. The honor of its introduction is also claimed for Phil- 
adelphia, where Dr. Paul Beck Goddard, a singular coinci- 
dence of names, employed it as early as 1839, but, as he kept 
the fact a secret until 1842, whilst we are privileged to 
believe that he first used it, we cannot claim the honor for 
him as against prior publication. The process, it seems, was 
employed at once commercially here with greater success 
than in France. Daguerreotype portraits were taken at five 
dollars each. The Calotype negatives of Talbot, with the 
objectionable grain of the paper, suggested better things. 
Glass had been used by Herschel in some experiments with 
silver chloride, and negatives on glass, with albumen as the 
vehicle of the silver iodide, which afforded excellent paper 
prints, were first produced by Niépce de St. Victor, nephew 
of Niépce, in 1847. The daguerreotype began to recede in 
importance, and amateur practice of photography was 
stimulated. In 1850 the greatest advance since the time of 
Daguerre was made by the introduction of collodion, a so- 
lution of guncotton, then recently discovered, as a vehicle 
of the sensitive silver iodide. Glass and collodion seemed 
to possess all desired properties for photographic purposes. 
Nothing better seemed possible. The daguerreotype dis- 
appeared entirely. A collodion positive process on black- 
ened metal, an American invention, in a measure took its 
place, and survives to this day as the tintype. The collodion 
process, however, was soon found uncomfortably cumber- 
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some by the growing number of amateurs, requiring as it 
did the completion of the whole process whilst the plate 
was still wet, necessitating the impedimenta of tents, bulky 
solutions, fragile vessels, etc., for outdoor work. The dis- 
pute continued for a decade between Aumidus and siccus 
as to the relative merits of the wet process and various 
dry-plate processes devised from time to time. At last, 
in 1862, the tannin dry-plate process of Major Russel 
seemed to be satisfactory in results, but slow in exposure 
and time-consuming in the preparation of the plates. In 
the wet-collodion process the metallic haloid was added to 
the collodion and the plate coated with it immersed in a 
solution of silver nitrate, where the reaction took place pro- 
ducing the silver haloid. The question naturally arose, why 
not eliminate one of the most troublesome factors of the 
process by adding the silver salt to the collodion? In 1865 
Bolton & Sayce overcame the intrinsic difficulties, and pro- 
duced an emulsion of silver haloids with collodion suitable 
for the purpose. The process became commercially avail- 
able, and bid fair to revolutionize photographic practice. 
But in 1871 Dr. R. L. Maddox succeeded in producing work- 
able plates with an emulsion of gelatine and silver bromide. 
- The process was at once taken up, and brought by rapid 
stages by different workers to a high degree of perfection. 


Dry plates of wonderful rapidity, of great certainty and — 


ease of manipulation and of practically indefinite keeping 
qualities were soon placed upon the market. Again a 
Philadelphian, and member of the Institute, John Carbutt, 
manufacturer, was among the very first to recognize the 
commercial possibilities of the new process and erect a plant 
to meet the demand sure to spring up. The professional 
adopted them slowly. The amateur recognized in them the 
long-desired dry plate. Photographic societies in the United 
States, mainly of amateurs, increased in the decade from 
1883 to 1893 from g to 120, or more than twelvefold. 
Manufacture of cheap, but good, dry-plate outfits, which 
dispensed with the more expensive wet-plate holder, as- 
sumed very important proportions. Dry plates and im- 
proved developers and appliances for dry plates began to 
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predominate in the advertising columns of the journals, and 
detective cameras, as hand-cameras were generally called at 
first, were largely advertised in periodicals in which photo. 
graphic advertisements had not appeared before. But the 
amateur complained now of the weight of glass to be car- 
ried. A return to paper for negative purposes was made, 
expensive apparatus devised to coat it and with excellent 
results, The critical amateur withheld his patronage. At 
last a substratum was produced in celluloid, singular to 
say with guncotton as a chief ingredient, having the essen- 
tial photographic properties of glass, but tough as well as 
light. But still the enthusiastic, patient amateur, with al- 
most infinite capacity for trouble, but always seeking lines 
of least resistance, striving to avoid the unnecessary in his 
work, and keenly sensitive to discomfort, complained that he 
had to retire to the dark-room or changing bag before his 
day’s work was half done. Again his complaint was met 
by the daylight loading roll of sensitive film, which will per- 
mit a year’s snap-shotting without entering the dark-room. 

The discovery by Professor Vogel, in 1874, of the possi- 
bility of rendering plates sensitive to colors generally 
regarded as non-actinic, by treating them with suitable 
dyes, constituted the most distinct advance in photography 
since the days of Daguerre, widening its range of appli- 
cations. Fred’k E. Ives, of the Institute, published the 
first perfected orthochromatic process. Orthochromatic 
plates soon appeared in the lists af up-to-date manufacturers. 

The processes for multiplication by action of light 
have sympathized with the general progress of the negative 
practice, but have not kept pace with it. The direct print- 
ing out processes in use from the earliest albumen coated 
silver chloride paper down through the papers of various 
names, coated with gelatine or collodion as vehicles, with 
their dependence on daylight for printing and their subse- 
quent operations, are ante-Daguerrean in principle, and 
almost anachronisms in this day, The developing papers, 
with their independence of daylight, and in the Velox-type 
permitting developing by comfortable gaslight, and, with 
suitable apparatus for exposure, yielding 5,000 prints per 
day, seem more nearly up to date. 


Dec., 1899.] Making of Photography. 417 


But all processes with silver are viewed with distrust 
in regard to permanency. Two processes at least are 
regarded with more favor in this respect, and are recom- 
mended by the National Photographic Records Association 
of Great Britain for its photographs. The carbon or pig- 
ment process, which carries back in principle to the time 
of Niépce, based upon the discovery of Mungo Ponton in 
1839, of the loss on exposure to light of solubility or sticki- 
ness by gelatine and other organic substances, mixed with 
alkaline bichromates. The other, the platinum process 
dependent upon the reduction of a ferric to a ferrous salt 
by light, one of the many discoveries of Sir John Herschel, 
and the reducing action of the latter on a platinum salt 
also present in the paper. The process, originally patented 
by Mr. Willis, now free, is simple in manipulation, and 
yields artistic effects as well as permanent prints. The blue 
print process, humblest of all, but yielding a larger acreage 
than all others, also originating with Sir John Herschel, is 
based on the reduction of a ferric salt, and as practised to- 
day, also in some degree upon the reduction of a ferri- 
cyanide. 

But a thought ever present with investigators has been 
the multiplication of pictures by other than purely photo- 
graphic methods. Niépce started with the motive of etching 
plates by means of light for printing. Attempts were early 
made to convert the daguerreotype into a printing surface. 
In recent years processes based on the properties of gelatine 
mixed with alkaline dichromates have been commercially 
highly successful, as photo-lithography, the heliotype, Wood- 
burytype, swelled gelatine and washout gelatine processes, 
etc., some capable of rendering all the tones, others restricted 
to black and white, but none of them meeting the growing de- 
mand for typographic blocks capableof rendering the shades 
of the original. At an early day it was found that by break- 
-ing up the shades by a grain imparted to the printing sur- 
face in different ways, half-tones could be simulated, and 
the line screen was one of the methods for so doing. But 
in none of these methods was there an attempt at what 
might be termed a discriminating grain, a precise rendering 
VoL. CXLVIII. No. 888. 27 
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of the shades, as an engraver would do, by lines and dots of 
varying sizes and separation. In 1891, Frederick E. Ives, 
of our Institute, patented and conducted commercially a 
process that might be characterized as ideal in this respect. 
By it all the tones of photographs and wash drawings could 
be faithfully rendered by typographic blocks. The testi- 
mony most conclusive on this point, perhaps, is-the criti- 
cism of the art critic of one of the leading dailies of New 
York,of engravings ina work which called for artof high char- 
acter. To quote his words in regard to some pictures selected 
by him as the “ finest in the book,” he says: ‘“‘ Without de- 
tracting from the artist’s meed of praise, it may be added 
that the most remarkable thing about these illustrations is 
the extraordinary skill displayed by the engravers,” and he 
speaks of the “ marvellous delicacy of precision and touch,” 
“power of taking up the theme submitted by the artist,” 
etc., and yet they were soulless photo-engravings by Mr. Ives’ 
purely mechanical process. The blunder of the critic does 
not reflect on his professional character, but only on his 
ignorance of the resources of photography. ‘This process 
has been largely replaced in recent years, for the require- 
ments of the general trade, by the more facile line screen 
half-tone process, greatly improved by the variation and 
proper manipulation of the screen and stops employed, and 
by attention to the optical conditions involved, 

Color photography, the dream of every one interested in 
photography, has seemed to many beset with apparently 
incompatible conditions, and the unattainable limit of pho- 
tographic progress. It has none the less, from the earliest 
period, engaged the attention of the ablest investigators. 

A measure of success has been announced from time to 
time, by Seebeck in 1810, and subsequently by Sir John 
Herschel, Becquerel, Niépce de St. Victor, Poitevin, Simp- 
son and others. In all cases a difficulty in fixing the pic- 
tures has prevented a much-desired general inspection. The 
following extract from a letter of Sir John Herschel, in 1865, 
is one of the most favorable accounts: “I received a com- 
plete colored spectrum picture from Becquerel several years 
ago, which is still as fresh in color as when received. The 
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whole spectrum from end to end,if not brilliant, is still 
distinct. I seldom examine it, and only by lamplight.” 
The more recent process of Lippmann, founded on inter- 
ference of light, is of great scientific interest, but, if it has 
a commercial future, has not yet passed its experimental 
stage. Other less direct processes seem more practicable. 
The so-called Jolly or McDonough process, dependent upon 
a taking screen of lines in intimate contact, colored in series 
red, green and blue, placed before the plate in taking the 
negative and used in viewing the result, is also short of 
commercial success. The heliochromic process of Fred- 
erick E. Ives, in conjunction with the Kromskop, comes 
nearer the complete realization of reproduction of natural 
colors, and is commercially available. It requires three 
negatives simultaneously taken, representative of the Young- 
Helmholtz-Maxwell color sensations, and three positives 
simultaneously presented to the eyes in the Kromskop, by 
light through glass or screens (red, green and blue-violet) 
suitably colored for each. ‘The eamera for taking the nega- 
tives and the instrument for viewing the positives are ingen- 
ious and practicable. Until some process based upon some 
new material, or new principle, is discovered, this process is 
likely to hold its present place. Possibly the silver photo- 
haloids investigated by M. Carey Lea may yet lead to the 
perfect-color process. 

The scientific world, hardly recovered from the shock of 
surprise at Réntgen’s discovery, and undecided whether it 
is dealing with rays or emanations, led by it, seems entering 
a new and broader field of investigation, almost uncanny in 
some of its aspects. The terms Becquerel rays, Russel rays, 
metallic radiations, vaporography and the like are full of im- 
port. Asstated by Dr. Crookes, “Some bodies without special 
stimulation are capable of giving out rays closely allied, 
if not identical with those of Réntgen, and it would almost 
seem, from the important researches of Dr. Russel, that this 
ray-emitting power may be a general property of matter, 
for he has shown that nearly every substance is capable of 
affecting the photographic plate, if exposed in darkness for 
a sufficient time.” The list of active substances is a long 
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one, to which a recent investigator has added the human 
body. The rays pass through many opaque substances, and 
are checked by others, They excite fluorescence. Already 
they have led to the discovery of a new metal by Madame 
Curie, and named polonium, possessing 400 times the energy 
of uranium, which has hitherto held the highest place. It 
was announced in the morning paper that Prof. Geo. F. 
Barker has brought with him from Paris, a specimen of the 
new metal, and we trust we may look for some demonstra- 
tion of its properties at an early day. This energy seems 
to be without exciting cause, and without perceptible 
diminution. If radiant energy, may not perfumes, which 
have been regarded as material emanations, be of the same 
character, and the rose emit rays that will affect a properly 
sensitized plate ? 


This ‘hasty résumé of some of the leading facts in the 
growth of a branch of science, the history of which practi- 
cally begins with that of the Institute, to which the occasion 
more naturally invited than to a display of its achieve- 
ments, would find its highest justification in the enumer- 
ation of its applications. Buta very few must suffice. In 
scientific investigation the eye has been replaced in so 
many cases by the camera, for observation as well as 
record, that we begin to inquire what is left for visual 
observation. This is not for the relief of the eye, but 
because the photographic plate has so much wider range in 
time and space. It is capable of observing the instan- 
taneous, and yet of looking without wearying, but with 
cumulative effect by the hour to catch phenomena to which 
the eye, with its best aids, is hopelessly blind. It has even 
been said by an eminent astronomer, that it has added to 
observing power as much as the invention of the telescope. 
It has, in fact, revolutionized astronomy. Beginning with 
the moon, with which perhaps least has been accomplished, 
total eclipses of the sun have yielded up long desired infor- 
mation, otherwise unattainable, so that they, by comparison, 
approach the character of worked-out fields. Automatic 
daily observations of the solar surface, with the details of its 
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spots, promise data for determining effects upon terrestrial 
climate. Nebulz have been discovered, their form, details 
and conditions revealed, and fainter extensions, vaster than 
could be conceived, added. Comets have exhibited won- 
derful transformations, distortions and internal movements 
utterly undiscoverable by the best telescopes alone. Aster- 
oids so numerous leave the record of their existence in trails 
upon the plates that, as has been said by Professor Bar- 
nard, they are turned adrift again unless they show some 
striking peculiarity of orbit. Meteors record their paths 
on which rests the expectation of precise determination of 
the radiant. Combined with the spectroscope, binaries of 
shortest periods are detected, variable stars not only dis- 
covered, but classified. The surmises of mathematicians in 
regard to Saturn's rings are confirmed. Runaway stars are 
caught. The Parisian astronomer that could not catch the 
satellite of Neptune with his telescope, could see it fixed on 
his photographic plate. 

Photography and the microscope, too, have gone hand-in- 
hand with a more intimate sympathy even than that between 
the camera and the telescope. Among the earliest amateurs 
of highest character was alarge percentage of experts with 
the microscope. It was in the decade following the founding 
of the Institute that the microscope began to assume some- 
thing of its present character as an instrument of delicacy 
‘and precision. In 1831, the factory of Ross was established, 
and under the stimulus and coéperation of such men as Her- 
schel, Airy, Powell, and more especially Lister, improve- 
ments in the optics and mechanics of the microscope were 
rapidly made, so that at the discovery of photography, mi- 
croscopy had an entirely modern aspect, and it recognized 
at oncea new ally. Dr. Draper immediately took micro- 
daguerreotypes. From this time the improvements in 
optical appliances urgently demanded by the microscopist 
were ably seconded by the photographer, and both combined 
were largely instrumental in occasioning the marked prog- 
ress in practical optics, which, in turn, reacted to advance’ 
photography and microscopy. Evenin the days of slow wet- 
collodion good work was done with the microscope, and even 
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stereo-photo-micrographs were taken by Professor Rood. The 
rapid dry-plate, sensitive to all or any desired colors, has no- 
where contributed more to the advance of photographic prac- 
tice than with the microscope. It has become to it only less 
the observing and recording eye than to the telescope. The 
intimate connection between the microscope and the camera 
is also well exemplified in the Institute, where the gifted 
Zentmayer gave the world its best model for the microscope, 
and the lens which bore his name long filled a place entirely 
its own in photography, and when the Government placed the 
administration of the total eclipse expedition of 1869 in 
the hands of Professor Morton, then Secretary of the Insti- 
tute, it was unnecessary to seek further for the complete 
solution of the then new practical optical questions involved 
in such an enterprise. 

In chemistry, Dr. Crookes,by aid of photo-spectroscopy and 
orthochromatic plates, has added the metal monium to the 
list, with its characteristic lines far out in the ultra invisible 
light, in the phosphorescent glow of yttria under molecular 
bombardment in vacuo. Meteorological science is en- 
riched by photography. It is pertinent to mention the in- 
teresting contributions of W. N. Jennings, of the Institute, 
to the study of lightning discharges, and the work of C. 
Francis Jenkins in the conversion of a scientific toy into 
the phantascope, which has found its extension in the 
kinetoscope, and which earned for him the Cresson medal 
of the Institute. The kinetoscope, with its miles of photo- 
graphic films, as exhibited first by our H. R. Heyl, has found 
applications unanticipated in recording the movements dur- 
ing a solar eclipse and of growing plants, and has gone to 
the front with the army in Africa. In the industries the 
applications of photography are of infinite variety in char- 
acter and importance. It is proposed to furnish cards for 
the Jacquard loom, and thus make tapestries commonplace. 
It will furnish water-marks for paper capable of 100,000 im- 
pressions. It reproduced the Encyclopedia Britannica at 
one-third the cost of type. It preserved the valuable MS. 
copy of Century Dictionary, which was practically uninsur- 
able, in miniature form against loss by fire. It may, in the 
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future, in the same way, find a place to economize shelf- 
room in our libraries by compressing books that are seldom 
or never read. Its applications are well known in the copy- 
ing of inscriptions, even in dark interiors,in the preser-. 
vation and duplication of valuable documents and papers, 
in the detection of forgeries, especially by the method of 
composite photography as developed by Dr. Persifor Frazer, 
in the furnishing of legal evidence in general, in the detection 
of criminals, ete. In Canada, 50,000 square miles have been 
platted by means of the photo-theodolite. In the late war 
the camera went to the front, and has furnished invaluable 
records Apropos to this, it is only necessary to recall Capt. 
Wise making exposures whilst charging up San Juan Hill. 
In the present African war it promises to play an important 
part in reconnoissance through the telephoto apparatus that 
accompanies the British forces. 

In its purely commercial aspects this subject is one of 
growing importance. The demands, at present great, are 
rapidly increasing with new applications and expansion of 
those now in use. Outside of the industries consuming 
photographie goods there are at least 1,500,000 amateurs in 
the United States, generally regarded as gross consumers. 
The industries supplying photographic wants are necessar- 
ily of the most varied character. Companies supplying them 
are continually increasing their plants. It is difficult to get 
at the amount of business and profits, but the published state- 
ment of one company originating in America, now in Eng- 
land and America, announced a dividend of 20 per cent. in De- 
cember last, with repeated interim dividends, on a capital of 
$8,000,000. Other companies show similar prosperity. One 
article, largely consumed, may be particularly mentioned, 
which America does not seem able yet to produce of best 
quality, namely, paper, and it is well for manufacturers to 
remember that in photography only the best of everything 
is good enough. 
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Mining and Metallurgical Section. 


THREE-QUARTERS or a CENTURY’S PROGRESS 
IN MINING ano METALLURGY. 


By CuaASs, KIRCHHOFP, 
Editor /%:. fron Age, New York. 


[An address delivered in Convention Hall, National Export Exposition, 
Wednesday, October 4, 1899, on the Occasion of the Celebration of the 
Seventy-fifth Anniversary of the Franklin Institute. ] 


It is with swelling pride that we may pause to look over 
the achievements in mining and metallurgy during the past 
seventy-five years. Within that brief span, which, as we 
reckon generations, has extended over only two and a half, 
there have been created our great industries of to-day. Our 
country may look back. over what has been accomplished 
with satisfaction, even if we admit frankly and fully that 
we have been blessed with extraordinary resources. It may 
seem almost crude to gloat over mere arrays of figures, and 
the reproach, occasionally made, that we worship quantity 
unduly, has some justification, yet the record is an amazing 
one, nevertheless. A more serious criticism is that we have 
been prodigal of our heritage. Let it be admitted that we 
have been, and are even still, in some respects, wasteful and 
extravagant. Much of that reproach vanishes, however, 
when the conditions are taken into account. In the arts, 
in engineering and in manufacturing, after all, it is the 
balance-sheet which rules, and, from_an economic point of 
view, waste may be not alone justified, but be actually im- 
perative. 

It is, difficult to measure progress, qualitatively, in 
branches like mining and metallurgy. It is expressed in 
the more complete utilization of the natural resources, as 
in the increase in the total extraction of the contents of a 
coal bed. It is in evidence in the form of a capacity to 
utilize bodies of ores, lowerand lower in grade. It is proven 
by ability to produce from rebellious, or impure ores, metals 
nearly chemically pure, and commercially available for a 
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wider and wider range of consumption. It finds expression 
in the disappearance of the supremacy of the brand, only 
too often the creature of fortuitous circumstances. It is 
measured by an expansion of markets which may be due to 
the fact that technical progress has proceeded more rapidly 
in one country than in others. 

For these reasons a simple enumeration of statistics of 
production only partially reflects the development of an in- 
dustry. Yet that in itself shows a record of which we may 
well be proud. 

Practically seventy-five years ago our greatest mining 
and metallurgical industries were in their infancy, and 
many were not even started. We had only begun to mine 
small quantities of anthracite coal. We were producing 
iron, but had at an earlier date been relatively more im- 
portant as an iron-manufacturing nation. Silver, copper 
and lead were made in irregular, very small quantities. 
Zinc was not produced, and the gold output, with the 
Georgia gold rush of 1828-1830, was about to begin. In 
other words, our mining and metallurgical industries were 
of so limited a character that, compared with the ancient 
operations of the leading European nations, they were in- 
significant to a degree. 

While it is true that our miners and smelters rose to the 
occasion when they were called upon to meet special con- 
ditions, the general fact is apparent, from a study of our 
development, that we first copied and then adapted the 
methods approved by experience in Europe. We were 
forced and did create hydraulic mining to collect the gold 
from alluvial deposits. We developed the preparation of 
anthracite for the market. We had nothing to guide us in 
handling the copper rock of Lake Superior. The Washoe 
process was worked out to treat the silver ores of the Com- 
stock lode. There were few precedents for methods in the 
petroleum industry, and had to learn by ourselves how to 
collect, distribute and utilize natural gas. But Cornish, 
Welsh and English miners long controlled the working out 
of our mining methods. German and English metal- 
lurgists guided our first steps in beneficiating our more 
complex silver, lead and copper ores. 
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One of the most brilliant reports on the state of the art 
ever written, that of Abram S. Hewitt on the Paris Expo. 
sition of 1867, is a confession of superiority of European 
methods in iron manufacture, which is almost staggering 
to one who reads it in the light of the present day. I can- 
not help feeling that the recognition of our indebtedness to 
European practice in the earlier days should be insisted 
upon, since it is becoming altogether too common to 
assume that we are the chosen people so far as the 
mechanic arts are concerned. Many of you have, un- 
doubtedly, like myself, encountered that feeling in such 
places that the fear of the danger of overconfidence is 
naturally aroused. 

A striking fact is the growing interdependence of the 
various branches of the mechanic arts as contrasted with 
the conditions prevailing seventy-five years ago. The one 
relies upon the other, not alone for its products, but is 
aided too by suggestions and support. The metallurgist’s 
progress is accelerated by the mechanical engineer, and the 
latter looks to the former for increasingly strong and reli- 
able materials. The electrician has greatly widened the 
capacity for improving methods on the part of the copper 
producer, and in turn is under a debt to him. The cheapen- 
ing of fuel, due to the efforts of the coal miner, and the 
achievements of the rail-maker, are returned in kind by the 
railroad builder, who has taught both much of value in 
transporting materials. Thus, all are shoulder to shoulder 
in the march of progress, mutually helpful and united—all- 
powerful. 

To a constantly-increasing degree pure science, primarily 
in search of the truth for its own sake, sheds its searchlight 
along the path, and has become a closer and more valued 
ally year by year. Many of us will recall how the majority 
of active workers looked askance at this meddler, preferring 
to allow their own fancy full sway whenever they stopped 
to seek for causes or explanations. We may sometimes be- 
come impatient when the laborious and apparently hyper- 
critical methods of the scientist do not more promptly clear 
an obscure point, or furnish us with a suggestion for suc- 
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cessful new lines of work, but the day has long passed when 
we treated research with grudging respect, if not with open 
hostility. No one is now readier to acknowledge his indebt- 
edness to the chemist or the physicist than the manager or 
the practicing engineer. The fear is disappearing of im- 
practicable science on the one hand, and of unscientific 
practice on the other. And foremost in the work of har- 
monizing both in this country has been the time-honored 
body whom you, Mr. President, represent. The splendid 
array of the volumes of the /ourna/ of this Institute is, 
in itself, the greatest monument to the man whose name it 
bears, and to those who have labored in pursuing in his 
spirit the promotion of science and the arts as a means 
toward promoting the happiness of mankind. 


MINING, 


With the widespread search all over the world, and the 
increasing’ number of trained observers, there has been an 
enormous accumulation of observations and data relative to 
mineral deposits. In the case of bedded deposits, the rela- 
tions between mining development and economic geology 
have become closer and closer. But, on the whole, it can- 
not be said that this branch of science has given much 
direct aid to the metal miner. The systems of extraction 
have not undergone any radical improvement. On the 
whole, they are modified more frequently to meet more 
closely local conditions. It is rather in the work of excava- 
tion proper that progress has been most striking. It was 
J. J. Couch, a Philadelphian, who, in 1849, patented the first 
percussion drill ever made. Herman Haupt experimented 
with rock drills at the Hoosac Tunnel, from 1856 to 1861, 
while the first drill tried in mining was that of Schumann 
at Freiberg, in 1857. 

Colladon had proposed to use compressed air to work 
drills as early as 1852, but general attention to rock drills 
driven by compressed air was attracted by their employ- 
ment at the Mont Cenis Tunnel in 1861, the plan to adopt 
them having been approved in 1857, as the result of Som- 
meiller’s work. Quickly following upon the start thus made 
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by power drills, came the introduction of high explosives. 
Nobel first applied nitroglycerine in 1863, and its use was 
begun in 1866 at the Hoosac Tunnel. A year later Nobel 
introduced dynamite, and since then power drills and high 
explosives have wrought a complete revolution in mining, 
by increasing the speed of development and extraction, by 
very greatly increasing the efficiency per man employed un- 
derground, and by heavily reducing the cost. By constant 
improvement in design and detail of both compressor and 
drill, machines have been created which have a wonderful 
life and efficiency, considering the adverse conditions under 
which they are expected to operate. What the defects in 
design in the early days meant is illustrated by the fact that 
in 1864, in the Mont Cenis Tunnel, it took an equipment of 
seventy Sommeiller drills to keep eight steadily at work, 
and in 1867, 200 were needed to maintain sixteen in actual 
operation. 

The mechanical engineer and machine builder have 
given their powerful aid, too,in improving pumping and 
hoisting machinery. The simple and effective American 
direct-acting pump has done valuable service to. mining, 
although for heavy service and large quantities of water it 
is giving way to more elaborate engines. In hoisting ap- 
pliances, for deep mining we long remained behind Euro- 
pean practice, our shallow mining not calling for heavy en- 
gines. During the last decades, however, some splendid 
equipment in magnitude, in speed and in economy of opera- 
tion has been designed in this country, some of the greatest 
of these engines having been built in this city. 

Underground traction has undergone far-reaching 
changes. Wire-rope haulage was introduced into collieries 
long before San Francisco led in surface cable traction, and 
in this country pneumatic and electric haulage were very 
promptly adopted and very rapidly developed. These, how- 
ever, are only recent achievements, progress in underground 
haulage having been very slow for decades. 

In timbering the Comstock square set was a character- 
istically American creation to meet exceptional conditions, 
and it is true that the preparation of mine timbers above 
ground by machinery was first practiced in this country. 
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For a long time the concentration of ores was neglected, 
simply because in many remote sections in the United 
States it did not pay to turn to mechanical dressing and be- 
cause the oxidized surface ores, easily smelted, did not 
offer opportunities. An exception must be made of the 
Lake Superior copper region. There the Ball steam stamp 
quickly superseded the time-honored battery. Subse- 
quently, Leavitt reduced the steam consumption by com- 
pounding, and more recent practice has proven that the 
spring foundation is not equal to the-solid anvil in bring- 
ing out the highest efficiency. Ore concentration has been 
well developed in later years in Southeastern Missouri, and 
the low-grade lead and copper camps of Colorado, Utah, 
Idaho and Montana. 

It would be a serious oversight, in dealing with the 
treatment of ores, to overlook the enormous influence which 
the introduction of the Blake crusher has wielded in the 
efficient handling of rock. Nor should later types of 
crushers, like the Gates, be overlooked. 

An example of steady progress in crushing apparatus is 
furnished also by what is known as the California stamp 
mill. Every detail has been watched and worked out for de- 
cades, and a number of efficient self-feeding appliances have 
been added, until to-day there are enormous plants pound- 
ing away year in, year out, without any intermission, with 
merely a crew of inspection to represent the labor account. 

It seems certain that the part which the rock drill has 
played in general mining is destined to be paralleled in coal 
mining by the modern coal-cutting machinery. The difficul- 
ties inherent in handling mechanical apparatus in low rooms 
may account for the fact that progress has apparently lin- 
gered so far behind in this field. In Europe, as well asin this 
country, inventors took hold of the problem in the fifties, 
but little headway was made for many years. It is only 
quite recently that machinery for this purpose is being in- 
troduced with a rush. Among the pioneers were Harrison 
with a pick machine, and Lechner with a cutter-bar ma- 
chine. All the earlier types were driven with compressed 
air, and it was not until 1889 that electricity was applied to 
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the Jeffrey cutter bar machine, since superseded by the elec- 
trically-driven chain breast machine. How rapid has been 
the development of this branch of work in this country in 
recent years is shown by statistics compiled by E. W. 
Parker, of the United States Geological Survey. In 1891 
6,211,732 tons of coal were mined by machines representing 
6°66 per cent. of the whole. In 1898 the tonnage had jumped 
to 32,413,144 tons, or 20°4 per cent. of the whole. It is not 
too much to say that, from an economic point of view, 
this is the most far-reaching and significant recent develop- 
ment in mining. 

A splendid achievement in mining was that of handling 
auriferous sands by hydraulicking. Ido not remember ever 
having noted in our literature any definite data which 
might fix the credit for this upon any one man or group of 
men. The date is placed at about 1853, and in those stir- 
ring times, so soon following the discovery of gold in Cali- 
fornia, probably no record was left. The further stages of 
its development are coupled with the names of a number 
of inventors of nozzles and many ingenious hydrodynamic 
and hydrostatic contrivances, and in its greater days, before 
the anti-debris laws in 1882 cut off the work, bold and 
splendid engineering work was done in connection with 
these undertakings. 

In more recent times some very thorough work has been 
done in one branch of ore dressing, and that is, in magnetic 
separation of iron ores, A number of American inventors, 
among them Ball & Norton, Wenstrom, Wetherill and 
Edison, have labored to, utilize the lower grades of mag- 
netites in the Eastern States. The problem of cheap and 
effective crushing involved has been carefully studied and 
brought out new ideas, but economic conditions for a while 
pushed the whole undertaking into the background, Recent 
events point to fresh opportunities in this direction. 


METALLURGY. 


Gold.—In the metallurgy of the precious metals marked 
progress has been made, although no really revolutionary 
methods have come to the front until the present decade 


Dec., 1899.) Progress in Mining and Metallurgy. 431 


brought the cyanide process. In gold extraction the im- 
provement in the California stamp mill, largely mechanical, 
has already been alluded to. There have been added, in 
the amalgamation process, some ingenious contrivances, 
but it was not until the experienced chemist drove out the 
horde of so-called “professors” and charlatans that the 
treatment of auriferous concentrates and pyrites was a suc- 
cess. The chlorination process, together with the improve- 
ment in the design and operation of the batteries, and the 
introduction of the Frue vanner and machines of its type, 
has rendered possible the profitable treatment of very low 
grade ores. These are to-day prosperous enterprises based 
on a yield of jy of an ounce of the yellow metal to the ton 
of rock—a quantity so minute that no gold is visible in the 
ore, week in, week out. 

The chemist again has intervened in recent years. 
While the solvent power of cyanides on gold was known 
early in this century, it was not until the later eighties that 
the McArthur-Forrest process made that «nethod practi- 
cable by utilizing the fact that zinc shavings may be used 
as a precipitant. 

For the treatment of more complex ores there was devel- 
oped relatively early, at the Argo Works in Denver, a series 
of methods dependent upon the employment of copper as 
a carrier, and more recently pyritic smelting is gaining 
ground. It is based upon the treatment of sulphide ores 
in the blast furnaces, so that a considerable part of the heat 
produced by their oxidation is utilized in their fusion. 
Small quantities of lead or copper serve as collectors of 
precious metals. 

Silver.—-Although the patio process of amalgamation was 
invented in 1557 by Bartolome de Medina, at Pachuca, fol- 
lowed in 1590 by the cazo process of amalgamation invented 
by Alonzo Barba, at Potosi, no real improvement followed 
in the succeeding centuries. On the heels of the discovery 
of the Comstock lode in 1859, by O'Reilly and McLaughlin, 
came the invention of what is known as the Washoe pro- 
cess of amalgamation, by Almarin B. Paul and James 
Smith. On the oxidized and chloride ores of the surface 
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it did admirable work, but, as the more rebellious material 
below drainage lever appeared in growing quantities, auxil- 
iary operations required growing attention, the Augustin, 
Ziervogel and Patera processes, brought out from 1843 to 
1858 in Europe, having been used only locally here. It was 
in the direction of improving the chloridizing roasting that 
metallurgists sought and found a solution of their troubles. 
Brueckner, Stetefeldt, Howell, O’Hara and others did ad- 
mirable work, but with the steady improvements in lead 
smelting, increasing quantities of the rebellious silver ores 
were diverted from the amalgamating mills to the smelters, 
and now silver milling has shrunk to a secondary place. 

Lead.— Although lead mining was begun as early asin the 
days of Law’s famous Mississippi Company, and Mine La 
Motte, in Southwest Missouri, still in active operation, was 
discovered at that time, yet production did not develop seri- 
ously untillateinthetwenties. It attained about 10,000 tons 
per annum in 1833. With the rich and pure ores the Scotch 
hearth served admirably and remained the standard method 
until the discoveries in quick succession of the rich ore 
bodies of Eureka, Nevada and of different camps in Utah, 
late in the sixties, led to the copying of German blast fur- 
nace practice. Arents, Eilers, Hahn, Grant and others socn 
introduced improvements, Arents’ siphon tap being a very 
important step forward. Water jackets appeared and a 
thorough Scientific study of the chemical composition of 
slags led to more regular and cleaner working, and the col- 
lection of flue dust assumed growing importance, Iles, of 
Denver, doing conspicuous work in this direction. Charcoal 
as a fuel gave way to coke—the quantity of lead in the 
smelting charges needed to cover the precious metals was 
steadily crowded down under the pressure of a scant supply 
of lead-bearing ores. With the steady development of the 
railroad system of the Rocky Mountains, dry ores carrying 
little or no lead became available in larger quantities, and 
to-day American lead smelting plants are models for the 
world. 

As an incident of progress in another direction may be 
mentioned the Bartlett process, for the direct production of 
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white oxide for paint in successful operation at Joplin and 
at Canon City. In lead desilverizing and refining, a modi- 
fication of the Pattinson process, invented in 1833, found 
only a passing application. Soon after the argentiferous 
base bullion of the Rocky Mountains made their appearance, 
the Parkes zine process, invented in 1852, was first intro- 
duced at the Balbach works at Newark, and the most import- 
ant improvement in it was that of the Faber du Faur furnace 
for distilling the rich zine alloy. Since then progress has 
taken the direction of economic handling of large charges 
and the introduction of labgr-saving appliances. 

Copper.—Although some copper was mined along the At- 
lantic coast at a number of points in the eighteenth and dur- 
ing the earlier part of the present century, it was not until the 
gradual opening up of the Lake Superior region from 1845 
onward that it attained the dignity of an important indus- 
try. Curiously enough, it was in the same year that the 
smelting industry on the seaboard was started by the Re- 
vere Copper Company and the Baltimore and Cuba Smelt- 
ing and Refining Company; both depended almost entirely 
upon foreign supplies of raw material. These flourished 
for about twenty years, and then collapsed or led a preca- 
rious existence until domestic supplies of furnace material 
from the Rocky Mountain region caused their revival. To- 
day our tidewater plants are among the great works of the 
world, and have begun to again draw heavily from foreign 
sources. Thus, Australian black copper comes to us via 
London for treatment, to be returned to the European mar- 
kets, and Chili bars are making the same journeys. Metal- 
lurgically, there is little to remark concerning the develop- 
ment in the treatment of the native copper of the Lake 
region, which held sway in the markets for so many decades. 
The time-honored methods of refining continued with little 
change, although effort was made to introduce the Siemens 
open-hearth furnace. 

A new era began with the opening up of the oxidized 
deposits of Arizona and the ores of the Butte district. In the 
former the water-jacketing of the furnaces was one of the 
first successful steps, and a general improvement of practice 
VoL. CXLVIII. No, 888. 28 
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followed quickly. Inthe Butte district a good deal of tenta- 
tive work was done in concentration, in roasting and in smelt- 
ing in reverberatories and in blast furnaces. The Brueck- 
ner, Brown and Wethey roasting furnaces were adopted, 
and the Manhes process of bessemerizing, invented in 1883, 
in France, was first introduced at the Parrot works. 
The practice has been improved very rapidly, and now the 
remelting of the matte is being superseded by direct trans- 
fer from the furnace to the converter. Almost simulta- 
neously came the electrolytic process of separating the 
precious metals, in which very,rapid progress has been 
made, and which, coupled with the bessemerizing, an eco- 
nomic revolution has been effected, not alone in cost of pro- 
duction, but also in the direction of furnishing a high-grade 
metal from impure ores. 

Tron and Steel.—And now we approach the greatest of 
all metals, iron, in the development of which this State has 
had so conspicuous a share. [t would be presumptuous in 
me to even sketch its course, who have been a mere 
onlooker during the past twenty-five years, when there is 
with us one who has lived through its most glorious period 
and has had so commanding and conspicuous a part in the 
great deeds of American iron-makers and engineers. 

After all it was not until the days when John Fritz 
became a leader that the marvellous development was initi- 
ated. - Remember that it was not until 1839 that anthracite 
was used in the blast furnace, and that six years later raw 
bituminous coal was tried in this country as a furnace fuel. 
You must recall that boiling was only introduced in 1848, 
that our modern steel-making processes did not really 
occupy a commanding position until late in the sixties, and 
you will realize that the great period of the iron industry is 
really concentrated in the last thirty years. 

One fact perhaps you will allow me to dwell upon, and 
that is, that the Bessemer process really forced a recognition 
of scientific work upon the attention of the practical iron- 
master. The chemist very soon became a part of the force 
of the steel works, and somewhat later of the furnace plants, 
who were anxious to have them as customers for pig iron. 
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Not that chemical research had not long since been 
directed to metallurgical operations, and not that a few did 
not indulge in speculations as to the scientific causes of 
observed phenomena. 

It was only lately that I came upon striking evidence of 
that in David Mushet's classical work on “Iron and Steel,” 
printed in 1840. The following passage is characteristic: 

“The quality of air during the summer months becomes 
much contaminated from combustion; by holding in solu- 
tion a much greater quantity of moisture, the abundance 
of nitrous particles may also diminish the usual proportion 
of oxygen. This will account for the inferior effects of 
combustion, both in common fires and in the blast furnace. 
It will also in a measure tend to solve the curious phenome- 
non of pig iron taking up less carbon in summer, although 
reduced with a superior quantity of fuel. The air dis. 
charged most probably contains less oxygen, yet the metal 
is much less carbonated than at other times when contrary 
proportions exist. Most probably the deficient carbon is 
carried off by dissolving in hydrogen, forming a constant 
stream of hydrocarbon gas, while the oxygen that is free 
unites to the iron, and while it reduces the quality, at the 
same time the quantity is reduced by a portion of the metal 
being lost in the scoria.” 

It is thus that one of our pioneer metallurgists seeks an 
explanation for the fact that furnaces are apt to make off 
grade irons in summer—a phenomenon which is said to 
have become a marked one in this boom year 1899. 

Recent history in the branches of the mechanic arts re- 
cords many instances of the powerful aid which theoretical 
investigation has offered to them. One of the most con- 
spicuous was von Ehrenwerth’s heat calculations in connec- 
tion with the basic Bessemer process, whichestablished the 
role which phosphorus is capable of playing as a substitute 
for silicon as a heat agent. Norshould that promising field 
be overlooked which microscopic investigation holds out, 
Possibly in that respect twenty years since our groping may 
appear not unlike that which Mushet’s appears to us now. 
But progress during the last seventy-five years has been 
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pushed along lines as important in their way, as the cheap- 
ening of product, or the raising of the standard of quality. 
Like in other industries, the captains of ours have displayed 
increasing care of their armies of men. It has become an 
axiom with every enlightened manager that every means 
which shall render more satisfactory the surroundings of 
the workers is bound to tell upon the results of their labor. 
Compare our modern plants with those of former decades, 
of which some even survive now, and note what attention is 
paid to make the conditions under which manual labor is 
performed as tolerable as the circumstances will permit. 
There has been a tremendous improvement in this direction, 
and it does not lessen the achievement when we frankly ac- 
knowledge that it is largely due to the recognition of the 
fact that progress in this direction pays handsomely. 

Let me go a step further, and that is, that the crowning 
glory of the efforts toimprove our mining and metallurgical 
industries has been that they have contributed their full 
share to the development of this materialistic age. They 
have helped to bring within the reach of an ever-growing 
circle of people not alone the necessities, but also many of 
the comforts and some of the luxuries of life. Let me con- 
fess that it seems to me the greatest and most commenda- 
ble of achievements to raise ever so little the mass of 
humanity in civilization, and that is what progress in the 
mechanic arts during the past century has accomplished in 
a striking manner. Start the masses on a higher plane— 
level them up. The great genius may not tower so far 
above them as once he did, but that is again in harmony 
with our democratic institutions, Let there be an increas- 
ing equality of opportunity, even though it makes the 
struggle fiercer and fiercer, if only public conscience will 
demand with sterner emphasis that the means for achieve- 
ment be fair. 

It was the keynote of Franklin’s life that all his thoughts 
and all his endeavors were directed to making his work of 
benefit to the human race. Although those who have la- 
bored inour fields may not have done so as consciously or as 
deliberately as he, the fact is that progress in mining and 
metallurgy has powerfully contributed toward that.end. 
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THE DEVELOPMENT or IRON MANUFACTURE In 
THE UNITED STATES 1n THE PAST SEVENTY- 
FIVE YEARS.* 


By JOHN FRITz, 
Bethlehem, Pa. 


[An address delivered in Convention Hall, National Export Exposition, 
Wednesday, October 4th, on the Occasion of the Celebration of the Seventy- 
fifth Anniversary of the Franklin Institute. } 


I have been requested by your President, Mr. Birkinbine, 
and also by Mr. Christie, Chairman of the Mining and Me- 
tallurgical Section of the Institute, to give some reminis- 
cences concerning the progress that has been made in iron 
and steel metallurgy in my lifetime and during the lifetime 
of the Franklin Institute. 

This being the last year but one of the century that has 
done so mtich to change the face of society, and for the bet- 
terment of mankind, it will be interesting to take a brief retro- 
spective view of the events that have taken place during this 
remarkable period, and in doing so we witness the most 
wonderful progress that has been made in the advancement 
of the arts of science and civilization, all the effects of which 
are far-reaching. 

In the very front we see the phenomenal progress that 
has been wrought in all the various branches of manufac- 


*[INTROpUCTORY.—It was my intention to have given a brief account of the 
early experiments with the Bessemer process at Cambria and Wyandotte, and 
also a brief notice of the earlier works that went into the business ; I soon 
found, however, that it was not possible to do so in a paper such asI was 
called on to read, and, besides, Mr. Wm. F. Durfee and Mr. R. W. Hunt, who 
each by turns had charge of the experiments at Wyandotte, have already put 
the general results on record. Consequently, I will confine myself to such a 
paper as I was called to give—some personal reminiscences of my connection 
withthe manufacture of iron and steel, which is unfortunate for me, asI would 
much prefer to tell what others have done than what I have done myself. 
But, as I was asked to do this by the officers of your society, and did not seek 
the honor, I beg you will, as far as possible, excuse much that will doubtless 
seem egotistical, and ask yot to bear in mind that what I have to say is 
only a general history of the early developments of the iron and steel indus- 
try in this country, with which others also had much to do.—J. F.] 
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ture in all parts of the civilized world. We look again and 
find that the manufacture of iron isin the lead, and that the 
United States comes in for a large share of this all-import- , 
ant branch of manufacturing industry, which is the advance 
guard of civilization, one which has done so much to build 
up this country and served her so well both in peace and in 
war. 

While I have not been asked to say anything about mat- 
ters beyond the date of my own experience or the life of the 
Institute, it seems necessary, however, that a brief allusion 
should be made to the first puddling furnace and plate mill 
that were erected, in order that the great advance that has 
been made in this branch of the manufacture may be more 
fully appreciated. 

The first puddling furnace in this country was built at 
Plumsock, on Redstone Creek, about midway between Con- 
nellsville and Brownsville, in Fayette County, Pa.,in 1817. A 
flood caused the partial destruction of this mill.. The machin- 
ery was subsequently removed to Brownsville. In 1819 a roll- 
ing mill was built at Pittsburgh in which there were four 
puddling furnaces. This mill was accidentally blown up, and 
permanently dismantled in 1829, and the machinery was 
taken to Covington, Ky. Both enterprises thus seem to 
have ended in disastrous failures. 

About 1810 Isaac Pennock built a rolling mill (at that 
time called a “slitting mill’’) near Coatesville, in Chester 
County, Pa. In 1816 it came into the hands of Dr. Charles 
Lukens, a son-in-law of Isaac Pennock, and was operated 
by him until his death in 1825. It was during this period 
and on this mill that the first boiler plate was rolled in this 
country. The blooms were heated ona grate fire and the 
rolls were driven by an old-time undershot water-wheel. 
When a boy I heard the older men say that the mill was often 
short of power, and frequently all the workmen would run 
and get on the buckets and tread with them, in order to 
prevent a stall which would have caused fire cracks in the 
rolls, and, sooner or later, a broken roll. This being before 
the days of railroads, coal was hauled from Columbia, 
thirty-five miles distant, and the plates were teamed to 
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Philadelphia, thirty-five miles away, and were shipped 
without being sheared. A notable circumstance about 
these works is the fact that they have always remained in 
the family of Isaac Pennock, and are now operated by his 
descendants of the fourth generation. 

What I have now said will be sufficient to give you some 
idea of the condition of the trade at that time, and will 
enable you better to appreciate the great improvements 
that afterwards were made; and also brings us practically 
down tothe birth of the Institute in 1824. 

From 1824 until 1836 but little progress was made in the 
way of marked improvements. During the thirties there 
were some puddling furnaces built, to puddle run-out or re- 
fined pig metal, and eventually they got in the way of using 
some close grain pig iron in connection with the refined 
metal. 

In the early forties puddling began to come into general 
use, but only close iron was used. In the years 1844-45 the 
manufacture of rails commenced. This at once gave it the 
leading position in the manufacture of iron, which it held 
until # was beaten by the Bessemer process, to which I 
shall refer again 

About this time the manufacturers’ trouble begins. The 
demand for puddlers soon exceeded the supply, and they 
thought they ought to have things their own way. Up to 
this time the old-fashioned Welsh hammer was the only 
mode in use for putting the puddled ball in shape for the 
rolls. The hammerman or “shingler,” as he was called at 
that time, was the king bee, and when he went wrong, as 
he frequently did, the puddlers had to quit work until such 
atime as Mr. “Shingler” was ready to go to work, which 
sometimes required several days; and when at work woe be 
unto the puddler who might happen to be on bad terms 
with him. 

The hammer striking a uniform blow no coaxing could 
be done; consequently great skill was required during the 
first few strokes of the hammer to keep the ball in such 
shape that it could be edged and upended in order to get 
a good-shaped and compact bloom. Should the “shingler” 
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fail in this, which he could and at times did, and that with- 
out any apparent intention, then a row was started which 
sometimes ended in a fisticuff, as we had bullies in those 
days as well as now, but not so well trained, and the rules 
of the ring were not such as they are to-day; if they had 
been, they would not have been strictly adhered to. 

The next improvement in this line was the introduction 
of what was known as the “crocodile” squeezer, which was 
entirely unlike the hammer in every way, and it was so 
easily worked that almost any of the puddlers could put 
their own work in shape; but, unfortunately for the manu- 
facturer, they could coax a ball into shape that was not 
properly worked in the furnace. So, while this was entirely 
satisfactory to the puddler, it was very unsatisfactory and 
unprofitable to the manufacturer, with the result that there 
was constant bickering between the employers and em- 
ployés; a condition of affairs that should not exist. 

Next came the “ Burden” and “ Winslow ” squeezers ; 
the latter was used for a time, but finally the “ Burden” 
came into general use, and is to this day as nearly perfect a 
machine for the purpose intended that has ever been de- 
vised. Not alone on account of its simplicity in construc- 
tion and the perfect manner in which it does its work, but 
because, also, it establishes justice between the ironmaster 
and the workmen from which there is no attempt to make 
an appeal, When a ball would break, the workman, with- 
out saying a word, gathered’ together the pieces and took 
them back to the furnace and worked them into a proper 
condition, and in the end-the squeezer proved to be the 
puddler’s friend. Notwithstanding all its good qualities, 
its introduction caused strife in practically.all the mills that 
introduced it down to about ‘the year 1856. Some of the 
strikes were long and bitter, and many incidents might be 
recited in relation to-its introduction, some amusing, some 
ridiculous and others revengeful. However, soon after the 
system came in general use, an armistice was agreed upon, 
which finally resulted in a treaty of peace, which was ad- 
vantageous to both parties. 

In or about the year 1848, boiling came into general use, 
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which was a great improvement, and puddling soon became 
the all-important branch of the great iron industry of the 
country, and continued in the lead until it was overtaken 
by the almost magical invention of Sir Henry Bessemer, to 
which I shall refer later. 

Until 1840 all the pig iron produced in the United States 
was made with charcoal. My first connection with a furnace 
dates from 1839. It was driven by water, a wooden blowing- 
cylinder connected with the crank by a wooden beam. The 
crank, the journal and the wings that were fitted in the end 
of the water-wheel shaft to carry the wheel and to drive the 
blowing-cylinders. Neither of the journals were turned off, 
but were put to work just as they came out of the sand. It 
was blown by an open tuyere. The whole plant Was of the 
crudest construction. The weekly make was about sixteen 
to twenty tons. It was placed against a bank, level with 
the tunnel-head, so as to avoid hoisting the material up. 
This was about the character of the furnaces in general use 
at that time. 

I was sent there as a “cub” to put up a belly-pipe which 
was made at the shop in which I was learning my trade. 
When it was put in place it was, as I remember, about six or 
eight inches too short, and I supposed somebody had made 
a mistake in the length. The founder was a consequential- 
looking man, and quite stout, with a blue flannel shirt and 
his “ pants” held up by a rather broad leather band buckled 
around his body, somewhat in the order of many we see 
to-day, but was not gotten up in the same style. He said 
rather brusquely that “it was all right.” The pipe was con- 
nected at the rear end to the main pipe by a short leather 
connection, which I was told was to allow the belly-pipe to 
swing out of the way so that they could get the cinder out. 

This was the general condition of the furnaces until 

1840, when Mr. David Thomas, since affectionately called 
“Father Thomas,” made the first anthracite iron in a com- 
mercial way that was made in this country. This was the 
commencement of the phenomenal development of the blast- 
furnace practice that has taken place in the latter part of 
this century. 
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We left the rolling mills in 1824 in a very crude con- 
dition, and there was no marked improvement in them until 
the manufacture of rails commenced, which, as already 
mentioned, was about 1844. But even at this time the 
plans of the mill and manner of building practically re- 
mained the same, being geared, and it seemed to me that 
the general impression amongst the rolling mill proprietors 
was that the more wheels they could get in the better was 
the mill. Down to this time the carpenter or millwright 
had largely the say, consequently wood was much used. 
The shafts were generally made square, and the fly-wheel 
and gear-wheels were secured on them by the use of wooden 
wedges, into which other thin wedges of iron were driven. 
No matter if the foundation was built of wood or stone, a 
large piece of timber was placed on top, to. which the 
housings were secured; the idea being that it was essential 
that the train should have some elasticity in order to take 
the shock off the machinery, thereby preventing breakage. 

After the manufacture of rails commenced in 1844 more 
rigid and better workmanship was required. The mills, as 
heretofore, were all geared, but the carpenter and mill- 
wright were superseded by the machinist. The shafts were 
now turned up, wheels were bored out, and the mill all 
fitted up in a more workmanlike manner. 

From 1845 to 1856 there were but few improvements 
made, either in machinery or the manner of rolling, except 
the introduction of the rail-straightening machine which took 
the place of the sixty-pound sledge and a special man to 
handle it. When he wanted a rest the works had to come 
to a standstill until such a time as he was completely 
rested, sobered up, or restored to health, as the case might 
be. 

The year 1857 is a memorable period in the history of 
the manufacture of iron. As before stated, in 1844 the 
forge carpenter and millwright were superseded by the 
machinist, who now comes to the front as a mechanical 
engineer, not full fledged, but with an amount of knowl. 
edge gained by experience which qualified him for the im- 
portant duty which awaits him. 
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As I have already said, the year 1857 was a memorable 
period in the history of the manufacture of iron. Down to 
this time all the rails were rolled on a two-high train, the 
pile being passed back over the top roll, which meant a 
great waste of time and loss of heat. When the flanges 
once began to crack, which was one of the serious troubles, 
being all the time rolled in one direction, it greatly aggra- 
vated the difficulty. The result was that when an imper- 
fection occurred in the flange, the trouble increased with 
each pass through the rolls, and so extended that it 
was a common occurrence for the flange to tear off the 
whole length of the rail and wind around the roll, forming 
what, in rolling mill parlance, was called a gollar, which 
very generally ended in breaking some part of the train and 
often the roll. 

The iron was frequently both red- and cold-short and all 
other shorts, and in addition to this would stand but little 
heat, consequently the end of the. pile which entered the 
roll first would split and open out like the mouth of an 
alligator. Then, of course, it would not enter the rolls 
without force, which was applied with the buggy, using it 
as a battering ram. After making several vain attempts to 
get it to enter the rolls it very frequently had to be turned 
end forend. The loss of time taken up in going through 
all this was such that it was almost an impossibility to get 
a perfect rail. Had it not been for the use of putty, oxide 
of iron and the absence of inspectors there would have 
been but few rails shipped. 

In order to get over the difficulty of the flanges tearing 
off we went to quite an expense. Some iron of a better 
quality was used for the flanges, which, in a measure, gave 
some relief in that direction. But the iron being much 
stronger, required more heat and greatly increased the 
difficulty of opening the end of the pile in the first few 
passes. We were now in a sad dilemma, and something 
had te be done. I was sick at heart, and had it been 
manly I would have run away. 

But, during all this time, I was giving the subject much 
consideration, and had fully made up my mind that, if a 
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three-high mill could be made to work, the difficulties could 
all be overcome; I, besides, had made up my mind that 
it was the only proper way to roll iron. 

I was now prepared to suggest the building of a three- 
high mill, which I did; and the suggestion was met with a 
rebuff, which was not unexpected. They said in substance: 
“It was a visionary scheme; it had never been done, and 
had it been practical it would have been done long ago.” 
In reply, I told them something must be done or there 
would be a large funeral, and I did not want to be one of 
the mourners. The subject was then more seriously taken 
up by the company, and it was suggested that a better ore 
should be secured as a mixture to improve the quality of 
the iron; but the location of the works was such that a 
suitable ore could not be got at a price that would permit 
it to be used as a rail mixture, so this course was aban- 
doned. 

The company now began to see that it was necessary 
that something should be done, The directors called a 
meeting and, after consultation with some practical iron 
men, decided to put up a geared two-high mill, and by 
greatly increasing the speed of the rolls, the rail would be 
finished in much less time, and consequently at a higher 
heat, which would prevent the serious trouble of rough and 
torn flanges. After some pertinent discussion, I was or- 
dered to build a new mill, two-high, geared. As my pa- 
tience had become exhausted, and being thoroughly dis- 
gusted and especially so with the geared mill, I most 
emphatically said I would not do it, as two of the most ob- 
jectionable features of the present system would still be 
retained. .I was then asked what right I had to dictate to 
the company in regard to the policy they should pursue in 
the line of their business. I answered that I had no right 
whatever, but that I was thoroughly cénvinced that it 
would not remove the difficulty and in the end would be a 
failure and the result financial disaster. Being a young 
man and the only capital I had in the world being my repu- 
tation, and that being quite limited, I did not purpose plac- 
ing it in danger where the chances were so unequal. This 
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interview ended in a suspension of hostilities, and for a 
short time nothing was said oneither side. But the trouble 
in the mill still continued, and something must be done and 
quickly. Having already lost my reputation for com- 
plaisance and being considered as the most arbitrary of 
men they had ever met, I consequently concluded that I 
would do as I had been compelled to do before and many 
times since—assume authority and go ahead, which I did; 
and commenced work on the patterns. The drawings had 
already been practically completed. 

After the pattern for the housing was well advanced, 
Mr. E. Y. Townsend, the Vice-President, came out to the 
works and I informed him of what I was doing, and again 
talked the situation over with him. He said nothing, but 
thought it proper to let the company know what was being 
done, to which I assented. In abouta week, as I remember, 
he came to the works again. This time he was armed with 
- a legal document opposing the spending of the money in 
the way it was being done. He handed me the document to 
read, which I did. I then handed it back to him and said 
nothing. He then asked me what I thought about it and 
the best course to pursue. In answer, I said: ‘ You know 
the troubles we have had, and it is useless to go over them 
again, and you know my opinion, which is irrevocable.” 
After some friendly talk on the condition and the import- 
ance of the change proposed, he said: “Go ahead and build 
the mill as you want it.” I asked: “Do you say that offi- 
cially ?” to which he replied: “I will make it official.” And 
he did so, 

When I look back to that eventful interview, which took 
place on a Sunday morning long years ago, and recall to 
mind Mr. Townsend and myself, with evidences of failure 
on all sides, and s¥rfounded by the gloom of future uncer- 
tainties, I cannot, but feel it was the most critical period not 
only in my own career, but also in that of the Cambria 
Iron Company. 

And here I wish to say that to Mr. E. Y. Townsend be- 
longs the credit not only of the introduction of the three- 
high rolls, but also for a large share of the subsequent mar- 
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vellous prosperity of the Cambria Iron Company, which 
followed the introduction of the three-high mill and its 
many accompanying improvements. 

The opposition to the three-high mill now came in from 
all quarters. The heaters on the rail mill were unanimous 
in their condemnation, and waited on the company to tell 
them what a direful failure it would be. Next I had to 
meet the combined prejudice of the ironmasters, who were 
a power at that time. Some of them would tell the 
managers that the whole thing was certain to be a failure. 
Next came my friends, in the trade and out of it, begging 
me to abandon what would surely prove a failure and 
blast my reputation for life. One of my dearest friends, 
with whom I had been employed for a number of years, 
came to see me and, if possible, to get me to change my 
plans. To them all I said “ No, I can make it work, and it 
is the only plan that can be adopted that will save the 
company.” 

After all these years there is no person other than myself 
who can fully appreciate the trying position the managers 
were in. On the one hand, I was to build a mill on an un- 
tried plan, and absolutely refusing to build the mill they 
asked for, knowing full well that only in a small degree 
would it remedy the trouble, and that the money spent on 
such a plant would be thrown away. On the other hand, 
there was a strong party of stockholders, protesting in the 
most positive manner against going on with my plans, and 
notifying the managers that they would hold them person- 
ally liable for all the loss and damage that might grow out 
of their unwise action, as they considered this action to be, 
in adopting a new and untried method that was against all 
practice in this and the old country, for at that time we 
were expected to be followers instead of leaders. Notwith- 
standing all the opposition and trouble we had to encoun- 
ter, the work on the mill was being pushed along as fast as 
it was possible. But there were many difficulties in the 
way. The most serious was the want of proper tools and 
facilities for doing the work. Many makeshifts had to be 
improvised, which all required time and labor. During all 
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this time there was much talk and speculation going on in 
regard to the final result, to all of which I gave but little 
attention. 

At length the mill was completed, and on the third day 
of July, 1857, the old mill was shut down for the last time. 
On the fifth we commenced tearing the old mill out, as the 
new one had to be put in the same place. The work was 
pushed as fast as possible, day and night, but, as it was 
before the days of electric lights, the night work could not 
be done with the same expedition as to-day. At the same 
time everything in the rail department was remodelled and 
the floor line of the mill was raised two feet. On the 29th 
of the same month everything was completed and the mill 
ready to start. The starting of the mill was the crucial 
period. 

In giving’ an account of the starting of the mill, I can 
probably do no better than quote from a paper written for 
a former occasion : 

There were no invitations sent out. As the heaters toa 
man were opposed to the new kind of mill, we did not want 
them about at the start. We, however, secured one of the 
most reasonable of them to heat the piles for atrial. We 
had kept the furnace hot for several days as a blind. Every- 
thing being ready, we charged six piles. About 10 o’clock 
in the morning the first pile was drawn out of the furnace 
and went through the rolls without a hitch, making a per- 
fect rail. You may imagine what my feelings were as I 
looked upon that first and perfect rail ever made on a three- 
high train. 

And you may know in part how grateful I felt toward 
the few faithful men who were about me, and who had 
stood by me during all my trials and difficulties. Among 
these were Alexander Hamilton, the superintendent of the 
mill, and Thomas Lapsley, who had charge of the rail de- 
partment, Wm. Canam and my brother George, all of whom 
have gone to their reward. 

We now proceeded to roll the other five piles. When 
two more perfect rails had been rolled we were obliged to 
stop the engine for the reason that we were so intently 


i 
: 


448 Fritz: (J. F. 1, 


watching the rolls that the engine had been neglected, and, 
being new, the eccentric strap got hot and bent the eccentric 
rod so much that the engine could no longer be worked. As 
it would have taken some ‘time to straighten the rod and 
reset the valves, the remaining piles were hauled out from 
the furnace onto the mill floor. About this time the heaters, 
hearing and seeing the exhaust of the engine, came into 
the mill in a body from the opposite end of the mill to 
where the rails were. Seeing the unrolled piles lying on 
the floor, they took it for granted that the new train was a 
failure; and their remarks about it were far from being com- 
plimentary. Mr. Hamilton, coming up and hearing what they 
were saying about the mill, turned around, and using lan- 
guage more pointed than polite, told them if they would go 
to the other end of the mill they would see three hand- 
somer rails than had ever been made in their country, 
Wales. After getting the engine in shape, the day being 
Friday, we ran all day, and at night put the regular night 
turn on. 

Everything worked well up to noon on Saturday, it being 
our custom to stop rolling at that time. About six o'clock 
in the evening Mr. Hamilton and myself left the mill, and 
on our way home congratulated ourselves on the fact that 
our long line of troubles and disappointments was now over. 
About an hour later I heard the fire-alarm whistle blow, 
and rushing back to the mill, found it one mass of flames 
from end toend. In less than one hour’s time the whole 
building was burned to the ground, and a story was started 
that the new mill was a failure, and that we had burned the 
mill to hide our blundering mistakes. The situation of 
affairs on that Saturday night was such as might appall the 
stoutest heart. The product of our labors and anxieties lay 
there, a mass of black and smoking ruins, and the money 
that was so hard to get with which to build the mill was 
gone. The prospect was indeed gloomy, but there was one 
gleam of light amid all the darkness; and that, the pile of 
perfect and new rails, which, as Mr. Hamilton had said, had 
never been beaten in Wales, from which country the 
greater part of the rails used at that time came. Above 
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all, the mill had been tried and found to work magnificently, 
and it was these two facts that gave us all fresh courage, 
and enabled us to rebuild the mill. 

The next day being Sunday, it was devoted to rest and to 
thinking over the matter. On Monday morning we com- 
menced to clear up the wreck, all the workmen giving a full 
day towards it, and began the work of rebuilding. In four 
weeks from that time the mill was running, and made 30,000 
tons of rails without a hitch or break of any kind, thus 
making the Cambria Iron Company a great financial suc- 
cess, and giving them a rail plant far in advance of any 
other plant in the world. This position they held, unques- 
tioned, both for quality and quantity until the revolutionary 
invention of Sir Henry Bessemer came into general use. 

In the construction of the three-high mill there were 
many changes and improvements on the old two-high mill. 
Upto this time the leading spindles had a groove cut in 
them to weaken them, so that if any extra strain should 
come on the rolls, they would break instead of the roll; and 
the couplings were made light so as to act as a kind of 
a safety-valve. Then there was a breaking box placed be- 
tween the screw and the roll. If there was not one of these 
safety devices breaking each day, the pattern was made 
lighter. The result was that some of them were breaking 
several times daily, furnishing a constant source of annoy- 
ance. In building the new mill they were all made so 
strong that they were not calculated to break. The break- 
ing box on top of the roll was made solid, as they were apt, 
when they gave way, to break-the collars on the rolls, which 
should, if possible, be avoided. -All these changes were 
stoutly opposed by the foremen and workmen of the 
mill, A few days before the mill was ready to start, the su- 
perintendent of the mill discovered that the breaking box 
was solid; he then got the pattern and took it to Mr. Lewis, 
the pattern-maker, and told him there was a mistake, that it 
was made solid. Mr. Lewis tol@ him that it was made as 
the old man had ordered it, to which the superintendent 
said, “ the old man has gone crazy.” He looked me up and 
wanted to know if I had ordered the breaking box for the 
Vor, CXLVILI. No. 888. 29 


4 
4 
| 
4 


450 Frits: (J. Fob, 


new train solid. I said, “‘yes;” he replied that if with solid 
spindles, heavy coupling boxes and solid breaking boxes on 
top of the rolls, a piece should enter a wrong groove, or a 
collar should form on the rolls, which was sure to take 
place, the mill would be broken to pieces; to which I re- 
plied: “I would rather have a grand old smash-up once in a 
while than be continually breaking something and keeping 
the mill standing half the time and the metal wasting in 
the furnace.” He said: “ Well, you will get it, sure;” but 
we did not, and, as before stated, the mill made 30,000 tons 
of rails without a break of any kind, which, at that time, on 
iron, was nearly a year’s work, 

The heating furnaces were rebuilt, making them larger, 
the roofs much higher, and the length of the furnace greatly 
increased, which about doubled the work that had pre- 
viously been done. There were also a number of improve- 
ments made on the train to facilitate the work, and make 
it much easier for the men. Among them was the intro- 
duction of the driven feed-roller, out of which, later on, 
came the blooming table, which is now indispensable in 
the rolling of steel ingots either on a three-high or reversing 
mill. 

In 1864 the Bessemer process was introduced in this 
country. Its introduction and perfection will ever remain 
one of the most interesting epochs in the history of the iron 
business. 

As already stated, the forge carpenter and millwright 
were superseded by the machinist. Immediately after the 
introduction of the three-high mill all the rail mills in the 
country were changed, and all the new ones that were built 
adopted the same plan. Ip fact, as Mr. B. F. Jones, one of the 
oldest, one of the leading and one of the most practical and 
successful ironmasters in the country, and one of the very first 
to see the advantages of the system, said to me a short time 
since, it was the commencement of the great improvement 
which took place in the iron works after 1857 which paved the 
way for the introduction of the phenomenal ‘“‘ Bessemer” pro- 
cess, which, as the Hon. Abram S. Hewitt says, takes its 
rank with the great events which have changed the face of 
society since the time of the Middle Ages. 
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At this time the machinists before alluded to were called 
to the front to brave the danger and fight the great battles 
that have ever to be encountered in the introduction of new 
metallurgical processes, and in none were the difficulties 
more alarming and disheartening than in the Bessemer pro- 
cess. These men had now received a training which emi- 
nently fitted them for the duties they were called upon to 
perform. Having been inured to hard work, they entered 


into this new field with such an amount of energy and ~ 


determination that it made failure impossible. 

In witnessing the beautiful and interesting but simple 
process of blowing a heat of metal, and the regularity with 
which it is done at this time, and the quantity turned out, 
it is impossible for one wholly unacquainted with its early 
history to even in a measure realize the fear and anxiety of 
those who were responsible for the result. When a charge 
of metal was poured into the vessel our anxiety commenced, 
and as the heat increased, our anxiety increased in a corre- 
sponding ratio, until both became intense. It was when 
the heat was greatest that accidents were most likely to 
happen. The refractory material with which the converters 
were lined, especially the bottoms, would become plastic, 
and when in that condition the effect of the heat and the 
blast would waste the tuyeres and bottoms away so rapidly 
that from one to three heats were all we could get off of one 
bottom. Frequently they would give out at the first heat, 
then out would come the metal through the bottom; and 
having to use much water about the converter, the place 
under the vessel was at all times wet, and the result was 
explosions, often very dangerous, as the hot metal was 
blown in all directions, frequently inflicting ~erious injuries 
on the workmen, a calamity greatly dreaded and the cause 
of the gravest anxiety to those in charge. Wheman accident 
would oceur anywhere about the works the first question 
asked would be: “Is any one hurt?” If not we would go 
to work at once to repair with that object only in mind. If, 
on the contrary, some of the workmen were killed or seri- 
ously injured, it was impossible to describe the distress of 
mind that the person in charge had toendure. The anxiety 
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one had when the charge was put in the vessel was increased 
with the heat until the heat was blown; but it did not end 
with the blowing of the heat. When the vessel was turned 
down it sometimes went too far and some of the metal ran 
out, resulting frequently in a grand pyrotechnic display of 
an exceedingly dangerous character. The next operation 
was to get the metal in the ladle, which was generally not 
a very difficult one, but it would frequently burn through 
the ladle, and then the only thing that could be done was to 
let it run into the pit and order all hands out of the way, 
for fear of an explosion. As soon as the metal was set all 
hands commenced to clean the pit, which was no easy task. 
Here were eight tons of molten steel in the pit burned fast 
to ingot moulds, bottom and sides of the pit, and to every- 
thing that would not burn up. If we were so fortunate as 
to get the ladle over the pit in good shape our anxiety was 
not yetatanend. It quite frequently happened that the 
stopper would pull off the end of the rod; then we had to 
use what we called a pricker to open the nozzle from the 
bottom. If the metal happened to be cold, which at that 
time it was apt to be, the nozzle would freeze up, as we 
called it; then the metal would have to be poured out of 
the top of the ladle into the mould, cinder and steel all 
together, with the result that generally the most of it got 
into the pit; then, again, if we escaped an explosion we 
still had a mess in the pit. Altogether the difficulties we 
encountered were enough to appall the bravest hearts. My 
brother George once said, when at Cambria, that he did not 
believe there was a man who ever went into the Bessemer 
business, and was responsible for the result, who did not at 
times wish he had never gone into it; and so far as my ex- 
perience goes I can fully verify it. And, further, I think 
that, if it had not been for the interesting and exciting 
character of the business, but few men would have been 
willing to endure the trouble and anxiety and to endure 
the physical labor and danger to which he and the work- 
men were constantly exposed long enough to have placed 
the business on a commercial basis. 

Having alluded to the trouble we had with the converter 
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tuyeres which caused so much anxiety and loss of time, I will 
now explain how we got over the difficulty at once. We were 
only getting from two to four heats off of a bottom and then 
would have to turn the vessel down and put in tuyeres during 
the blow. Itso happened that, ata time when we were having 
more than the usual trouble, the vessel was turned down and 
we were putting in two tuyeres when I was sent for, to go to 
the blast furnace, there being trouble there. As soon as the 
vessel was turned up I started for the furnace, not in the 
serenest state of mind; on the way over I was thinking 
over some new device for making the bottoms so that they 
could be burned in order to make them harder and bet- 
ter able to resist the action of the blast, as I had been think- 
ing that that was one of the troubles. As I went into the 
furnace I noticed some firebricks about 5 inches square and 
16 inches in length, such as are used in blast-furnace lining. 
At once I ordered some of them sent over to the converting 
department, and as soon as I could I went over and had one 
of them placed on end in the bottom between the tuyeres 
and well rammed in with ganister, put in the oven and well 
dried and put in the vessel. Result: Twelve heats off of 
one bottom. 

From this time our troubles began to diminish, and in- 
stead of making ten and twelve heats per day we soon ran up 
to fifty and sixty heats in twelve hours, and some of the works 
are now making seventy and eighty. This system of mak- 
ing bottoms was at once generally adopted, and is still 
in use. 

I shall now return to therolling mill. As already stated, 
with the introduction of the three-high mill in 1857, the 
commencement of the great improvement in rolling mills 
and machinery connected with them took place. The rolls 
were made larger in diameter, better fitted up, and a more 
powerful and a much better class of engines was introduced, 
larger and better heating furnaces were built, and many 
labor-saving devices were introduced. But with the mar-~ 
vellously increased production of Bessemer steel it-was evi- 
dent that a larger ingot must be used in order to prevent 
congestion in the pit furnaces and rolls. This, of course, 
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involved the building of larger, heavier and more rapid 
working machinery. 

In 1868 the lamented Holley, who later on became the 
consulting engineer of the Bessemer works and so remained 
until his death, and to whom the country is largely indebted 
for the introduction of the Bessemer process and for many 
improvements and important suggestions in the art, built a 
three-high blooming mill at Troy, N. Y. This mill had the 
top and bottom rolls stationary, the middle roll being moved 
up and down, to suit the work, by four screws passing 
through the bearing carrying the rolls. In the bearing 
there was a thread corresponding to the thread on the 
screws, which screws were driven by power. He also had 
lifting tables, front and back, fitted with loose rolls, and the 
ingots were pushed into the rolls by hand both in front 
and in back. 

In 1871 my brother George, then superintendent of the 
Cambria Works, built a three-high blooming mill in which 
the middle roll was stationary and the top and bottom ones 
movable, with feed tables both front and back, and the 
rollers driven by power taken from the train. He also 
introduced what is called a “ pusher” to adjust the ingot in 
a proper position on the table and also an arrangement for 
thoving the ingot on the table in proper position to enter 
the rolls. 

In 1872 we built at Bethlehem, Pa., a three-high mill in 
which all the rolls were fixed, with tables similar to those 
at Cambria, but driven by an independent power which 
very much simplified the arrangement of driving the tables. 
This is the plan of mill that was generally adopted, and for 
a moderate sized ingot and quick working is probably the 
best plan of mill. But for heavy ingots and for variety of 
work the reversing mills are preferable. 

The rail trains are, with two exceptions, three-high, 
with larger rolls, very heavy housings and fittings, and 
’ more powerful engines, and generally have some kind of 
labor-saving device attached to the rolls. In fact all the 
modern rail mills have introduced labor-saving machinery 
to such an extent that there is, comparatively speaking, but 
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little left for man to do. This is to a great extent due to 
the introduction of steel, as it rarely either splits or cracks 
in rolling, while iron is ever liable to do both, which ren- 
ders the use of delicate automatic machinery more diffi- 
cult in rolling iron than in rolling steel. 

Many instructive, interesting, annoying and amusing in- 
cidents which might be related occurred in connection 
with the almost magical developments which took place 
in the manufacture of iron and steel during my long asso- 
ciation with the business. But time will not permit. 

We left the blast furnaces in 1840, which, as before 
mentioned, was the commencement of the use of mineral 
coal, from which period the greatly increased production 
commenced. While there was no practical change in the 
principle of making pig iron, yet, the continued increase 
in size of the furnace, the increased pressure and quantity 
of blast, the introduction of the Whitwell system of firé- 
brick stoves, the better understanding of furnace working, 
the increased knowledge of the chemistry of pig-iron mak- 
ing—all these, coupled with the indefatigable determina- 
tion of the men in charge, have contributed to bring about 
’ the unprecedented and’ phenomenal production which has 
so amazed the iron makers of the world. 

In 1868 the manufacture of acid open-hearth steel com- 
menced; but its progress was slow, and following the Besse- 
mer, this precess not being so interesting and exciting, did 
not command the attention and respect to which it was en- 
titled. The fact that the Bessemer was in the lead and the ma- 
chinery was already in use, and that the knowledge of refrac- 
tory material and in the handling of the steel was acquired, 
made the introduction of the open-hearth process easy com- 
pared to the Bessemer. But the fact that it quietly made its 
way into general use does not in any way detract from its 
great usefulness, and, with the invention and introduction of 
the “ Thomas” basic process and its application to the Sie- 
mens-Martin open-hearth system, it takes rank only second to 
Bessemer as one of the greatest metallurgical inventions of 
the age. And taking into consideration the character of 
our ores and coal, and their geographical location, the supe- 
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riority of the metal produced by this process, for structural 
and machine purposes, may cause it in the near future to 
outrank the Bessemer in value and general usefulness. 

When we look back to the commencement of the last 
half of the present century, and take a thoughtful survey 
of all the inventions and improvements that have taken 
place in the arts of metallurgy during this period, the com- 
plete reversal of the position that iron and steel formerly 
held in relation to each other, the superiority of steel over 
iron in the useful arts, and the immensely increased pro- 
duction which is unparalleled in the history of metallurgy, it 
seems impossible to fully realize that so great a change 
could have taken place within so brief a time. 

While we have properly received great credit for the un- 
precedented developments we have made in the iron and 
steel industry in the United States, we must not forget that 
it was the inventions of Cort, of Mushet, of Bessemer, of 
Siemens, and of Thomas. that enabled us to accomplish 
such important results; and to them all civilized nations 
owe a debt of gratitude for the incomparable blessing their 
inventions have conferred on society. 

Yet how few of us even for a moment think of the trials, ° 
troubles, disappointments, mental anxiety and bodily toil 
these men had to undergo in the perfection and introduction 
of their inventions, besides suffering the sneers and jibes of 
those who imagine that an inventor is nothing but a wild 
enthusiast, and treat him accordingly. The story of many 
inventors is truly pathetic and none more so than that of the 
lamented Thomas. The personal side of the story of the 
inventor of the basic process can only be appreciated .by the 
reading of his life. 

It should not be forgotten that England is the birthplace 
and home of the “Iron and Steel Institute,” and much of our 
success is due to the information we have gained from the 
invaluable papers read at their meetings and the discus- 
sions that followed them. Here I wish to say that I would 
commit an act of ingratitude should I fail to give credit to 
the brave and noble workmen who, throughout my long 
connection with the business, have ever stood ready to 
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meet any emergency, no matter what the danger or diffi- 
culty might be. All that needed to be said was, “Come, 
boys,” but never “ Go, boys,” and if the difficulties were not 
insurmountable they were sure to be overcome; and too 
much credit cannot be given to these fearless and energetic 
men for the almost fabulous progress that has been made in 
the manufacture of iron and steel in this country. 

Having already intimated that the United States was 
not the original home of the iron and steel industry, I will 
again refer to it. 

When I look back to my early days in the iron business 
long, long ago, probably too long, it brings to mind one 
of the happiest periods of my life. After my daily labor 
was done I was free from all care until the next morning. 
After supper, at half-past six, then a simple meal, I returned 
to the works and helped the puddler, heater or roller, as the 
case might be, until about 10 o'clock. At that time the 
practical men, puddlers, heaters and rollers, were generally 
Englishmen and Welshmen. After the heats were charged 
in the furnaces, and while waiting for the charges to become 
heated, they would get their pipe—“ cutty ” they called it— 
and sit down on a pile of pig or puddlediron, as happened to 
be most convenient, and take their smoke. Having gained 
their confidence, 1 would take a seat by them and then they 
would tell me about the works in England and describe how 
their mills were arranged, their system of rolling, the prin- 
ciple and construction of their puddling and heating fur- 
naces, and how to work them. As I spent my nights in as- 
sisting them to puddle, heat and roll, 1 gained a very gen- 
eral practical knowledge of the manufacture of wrought 
iron, which soon became of great value to me; and to the 
nights spent in the works with these hearty and generous 
workmen I owe much of whatever success I may have at- 
tained in after life. For the kind and generous manner in 
which I was always treated by them they ever have a green 
spot in my memory. Incomparing this happy period of my 
life with what I have since many times gone through, it 
might, with propriety, be compared with the. “ Elysian 
Rields.” 
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How little do the younger men that now have charge of 
our great iron and steel industries know or even think of 
the severe mental strain, the great amount of bodily toil, 
the vexation, the surprises, and the disappointments that 
had to be endured by the men in charge during the erection 
and perfection of these vast establishments that are now 
engaged in the manufacture of iron and steel. And, gen- 
tlemen, let me here say that this great work was not ac- 
complished by command but by example. It was the men 
in training, before alluded to, who erected, perfected and 
put in operation these most marvellous enterprises of the 
age. And to these noble, brave and energetic men the 
people of this country owe a debt of gratitude for the far- 
reaching results they so thoroughly accomplished, and 
which have already changed the social condition of our 
vast territory. They have furnished us with a material 
which for quality and cheapness and the quantity fur- 
nished in a given time is without parallel, and could not 
have been realized by any other known methods. Without 
it the building of trans-continental roads would have been 
almost impossible. Had the rails been made in the old 
‘way out of the puddled iron, with the increased traffic on 
the Atlantic ends of the lines, they would be worn out be- 
fore the Pacific coast could have been reached. The credit 


does not end here. The reduction of freight rates, owing to 


the general use of steel rails, is so enormous that it has 
been intimated by one of our most distinguished public 
men that the saving alone on the cost of transportation due 
to the use of steel in the place of iron would, if available, 
amount to a sum sufficient to pay our national debt in a 
comparatively short time. 

In addition to the use of steel for rails, the Great West 
is being fenced with steel at a cost that seems almost fabu- 
lously cheap, and this product is being used largely for many 
other purposes. It was formerly iron that was used for 
structural work, now it is steel; and it has practically 
superseded the use of wrought iron. Steel is largely used 
in the construction of all grades of machinery employed in 
the manufacturing arts. It is the base of our immense in- 
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land system of transportation. It is this imperial metal 
that has enabled the engineer to perform the daring and 
remarkable engineering feats which he has accomplished 
during the last half of the century, without which they 
would have been practically impossible. It is the material 
used in the construction of these monster floating palaces 
that cross the vast ocean with the regularity of a railroad 
train. 

Fifty years ago steel was a luxury to the engineer. 
Modern practice of steel-making in the hands of the me- 
chanical engineer, the metallurgist and the chemist has 
wrought wonders in producing a material which is used 
alike in the manufacture of articles of the most weighty, 
the rudest and cheapest grades, and in the construction of 
the most intricate, the finest and most delicate implements 
and machinery. And it is boldly asserting its value and im- 
portance through every walk of life. 

It is to the invention, introduction and perfection of the 
modern system of steel-making in this country that we are 
indebted for the education of our people in the scientific, 
mechanical and metallurgical arts, which has enabled them 
to erect such manufacturing plants as were necessary to 
supply our Government with the sinews of war, which 
- made it possible to achieve those glorious victories which 
at once placed us in the front rank among the nations of 
the earth. 

I will conclude these reminiscences by giving some 
statistics compiled by the American Iron and Steel Associa- 
tion, which show the wonderful progress that our iron and 
steel industries have made since 1840, when I started out 
to learn my trade as a blacksmith and machinist. 


PRODUCTION OF ALL KINDS OF CRUDE STEEL IN THE UNITED STATES. 
Bessemer Open Hearth All Other 
In; Steel 


I Total 
Dene. Tene. Gross Toms. Gross Tons, 
2,679 re) 16,964 19,643 


1,137,182 68,524 6,114,834 


1895 
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PRODUCTION OF PIG IRON IN THE UNITED STATES. 
Gross Tons. 


Estimated production for 1899 . ...... «13,§00,000 


UNITED STATES. 


Production of Pig Iron.—The total production of- pig iron 
in the United States in the past eighty-six years is shown 
in the following table: 


TOTAL PRODUCTION OF PIG IRON IN THE UNITED STATES FROM 1810 to 1898, 


YEAR. Long Tons. VEAR. Long Tons. 
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PRODUCTION OF PIG IRON, STEEL INGOTS AND CASTINGS, AND FINISHED 
IRON AND STEEL IN THE UNITED STATES FROM 1890 TO 1898 INCLUSIVE. 


| Total Steel. 
Bessemer | Open Hearth | Ingots and a 
years.  _PigIrom. | Steel Ingots | Steel In Castings, rom 
; | Gross Tons. | and Castings. and Castings. Including All Kinds. 
Gross Tons. | Gross Tons. Crucible. , 


| Gross Tons. 


3,688,872 513,232 4y277,071 6,022,875 


9,157,000 | 4,168,435 669,889 4,927,581 6,165,814 
7,124,502 | 3,215,686 737,890 4,919,995 4,975,685 
1894... 6,657,388 | 3,571,313 | 784,936 | 4,412,032 4,642,215 
1895. 9,446,308 4,909,128 | 1,137,782 6,114,834 6,189,574 
8,623,127 | 3:919,906 1,298,700 5,281,689 5,515,841 
1897 -9)652,680 | 1,608,671 | 7,156,957 7,001,728 


1098... 11,773)934 6,609,017 2,230,292 . 8,932,857 8,513,370 


Mechanical and Engineering Section. 
Stated Meeting, held Thursday, November 9, 1899. 


THE PRESSING or STEEL; witH ESPECIAL REFER. 
ENCE to ECONOMY 1n TRANSPORTATION. 


By HENRIK V. Loss, M.E. 


I. THE FLOW OF STEEL, 


It is an ever-true maxim in life and one possessing a 
special importance in the line of engineering that the only 
successful methods to be adopted are those that produce 
the best results with the least expenditure of time and 
money. From the dawn of history, the examination of im- 
plements indicates that, while being both rough and crude, 
as the necessary result of an undeveloped state of the in- 
dividual, as well as of the community, their purposes, as 
indicated by form and material, show, nevertheless, the 
analytic workings of a mind bent upon producing the best 
results from the least amount of labor. 

The history of our profession is, of course, the history 
of the world; and the battles incident to the inflexible laws 
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of évolution, followed by the old, old story of the “survival 
of the fittest,” have both made the above maxim a law, the 
non-compliance with which carries with it as a penalty ab- 
solute failure. 

To produce a certain mechanical result means to accom- 
plish a certain amount of work, and, leaving finance out of 
consideration, two ways are open to effect this end: the 
exerting of a larger force throughout a shorter space, and a 
smaller force throughout a greater space. 

But, in the course of the industrial competition, the de- 
mands upon our profession became greater and greater, 
calling for the completion of powerful results inside of 
shorter and still shorter time. This again meant machines 
which all had to be quick in action and capable of exerting 
intense pressures. In the design of motors and machines, 
simplicity of detail and a small number of parts have al- 
ways been aims of first importance; because, aside from 
the fact that such meant less first cost and less repairs, the 
frictional resistances might otherwise at times become so 
great as to leave the machine absolutely unable to perform 
the task assigned to it. And it was this call for the quick 
exertion of large powers, coupled with the desire to reduce 
all frictional resistances to a minimum, and also, no doubt, 
to have a machine that should be under the complete con- 
trol of the operator—all of which, I say, gave birth to the 
hydraulic press. 

I am not here to give you a history of hydraulic engi- 
neering, as my subject is the werk, rather than the machine 
by which the work is done. It is quite safe to assert that 
the vast majority of heavy hydraulic machines hitherto 
built have been used in‘connection with processes, the main 
characteristics of which involve the flow of metals, and it 
is inside of this field that I shall bring to your attention a 
series of experiments which I have carried on at intermit- 
tent periods for the last six to seven years. 

In pressing steel the operation can be divided into three 
distinct systems, each one representing separate lines of 
resistance to the yielding of the material, namely : 

(1) When the material to be treated is absolutely free to 
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flow in any direction, being nowise confined in any die- 
chamber, as in shearing. 

(2) When the material to be treated is partly free and 
partly confined, as in punching. 

(3) When the material to be treated is wholly confined im 
dies, as when upsetting rounds and squares, or bridge eye- 
bars; also as when flanging and riveting. 

In order to acquire the most possible complete informa- 
tion as to the strains and stresses existing during the differ- 
ent stages of the pressing process, a diagram showing 
graphically the rising or falling in resistance of the metal 
will naturally give the most general satisfaction. To rely 
upon gauges is placing a dangerous confidence when using 
high pressures, as the water hammer—which always exists 
to a greater or smaller degree—will quickly ruin them. 
Besides, a gauge would have to be used in connection with 
some other additional instrument controlling the stroke of 
the press, if a complete record is to be secured. Due to 
these conditions, I have, therefore, adopted in all my exper- 
iments the application of a hydraulic reducing cylinder, the 
small area of which is connected as close as possible to the 
main operating ram, while to the greater area is connected 
an ordinary steam indicator. The larger area, as well as 
the indicator cylinder, have, previous to each experiment, 
been filled with water, and a connection has been accom- 
plished between the moving dies and the indicator drum. 
The result is a card, the ordinates of which represent the 
hydraulic pressure in pounds per square inch to the extent 
of their lengths in inches, multiplied by the product, of the 
spring number and ratio of reduction in reducing cylinder. 
The above device is illustrated by Fag. z. 

We shall now consider the resistances to the first mode of 
flow. . 

The experiments in this field cover an extended series of 
indicator cards of the shearing of hot as well as of cold ma- 
terial. ‘The hot work represented dimensions varying from 
4x4 inches to about 10x 10inches. The cold work extended 
over rectangular bars of widths from 4 to 8 inches, and thick- 
nesses of from § to 2} inches. The latter also included 
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angles of iron and steel of ordinary merchantable sizes. I 
desire to say in this place that, in dealing with these differ- 
ent experiments, I do not now have the time, nor is it the 
purpose of the present paper, to give anything like a com- 
plete essay of all the detailed results derived, because the 
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indicator cards on each field represent such volumes of in- 
teresting information that separate papers can be written on 
the resistances characteristic toeach system. It zs the pur- 
pose, however, to give somewhat ofa general view with 
reference to such figures and pressures that each system de- 
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veloped, and which might illustrate the duties of the press- 
ing machinery, which the mechanical engineer, in this 
special branch, may be called upon to design. Fig. 2 repre- 
sents typical cards of the shearing of a hot bar. It is seen 
how the resistances are gradually increasing, finally reach-, 
ing a maximum at an early stage, and, while afterwards de- 
creasing, are, nevertheless, existing throughout the entire 
stroke, that is, up to the time the knife has penetrated the 
entire thickness of the bloom. Both knives were flat, with 
no back clearance. 

The maximum resistance increases as the temperature 
is lowered, as shown by the different heights and areas of 
each succeeding card, all having been taken one after the 
other from the same ingot, as it came from the blooming 
rolls. 

The general results, as far as actual figures are con- 
cerned, can be summed up as follows: 

Resistance per square inch varies from about 5,000 
pounds for ag x g-inch bloom to about 9,000 pounds for a 
6x 6-inch, and reaching about 11,000 pounds for 4 x 6%- 
inch, which figures all represent steel of about ‘20 per cent. 
carbon, 70,000 pounds ultimate, and at such temperatures 
which the bloom generally possesses when first reaching 
the rolls, say about 2,500° F. As it passes through the mill, 
the bloom gradually cools, and, as the last billet is cut, the 
temperature is considerably decreased, say possibly down 
to about 1,800°, and is having its resistance correspondingly 
_ increased at a rate of about 50 per cent. for the larger bloom 
and 100 per cent. for the lesser one. 

The energy in foot-pounds at the first cuts varies from 
540 for the gxginch bloom to 800 for the smaller one, 
which figures are increased with the decreasing tempera- 
ture at a rate of about 4o per cent. for the larger dimen- 
sions and 75 to 80 per cent. for the smaller ones. 

Cards were taken on spring steel with 1 per cent. carbon, 
possessing an ultimate of 130,000 pounds per square inch. 
Its resistanee and energy when compared to the ‘20 per cent. 
steel were increased about 25 and 14 per cent, respectively. 

The local irregularities on these cards are due to the fact 
VoL. CXLVIII. No. 888. 30 
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that the hydraulic shear upon which the experiments were 
made was driven directly by a duplex pump (without accu- 
mulator), and the want of uniformity in flow of water from 
a pump of this kind was naturally transmitted to the indi- 
cator needle in the manner as shown graphically. 

Fig. 3 represents typical cards of the shearing of a cold 
bar, and the general outline of such a card will not vary 
with the form and shape of the bar to be severed. This 
will be seen shortly, when a card from a steel or iron angle 
will be thrown upon the screen. The first of the above 
figures represents an iron bar 5 x I¢ inches, the second a 
steel bar 5 x 1} inches, both of these two being cut bya 
knife with an angle of 8°. The third card was taken from 
a steel bar 5 x 1} inches, with an angle of knife of 4°, while 
the last of all was taken with a flat knife on a 5 x 14-inch 
bar. The pressure rose quicker than with hot work, and, 
the flatter the knife, the earlier in the stroke was the maxi- 
mum resistance reached. This maximum did also occur at 
a somewhat later period with an iron than with a steel sec- 
tion, showing in the former a greater distribution through- 
out the stroke of cutting. It is only fair to assume that 
this latter feature will be equally in evidence when com- 
paring soft steel to a high-tension material. With flat 
knives the card becomes very short, indicating, generally, 
so violent a rupture as to make the needle vibrate quite 
considerably. The average results on rectangular bars as 
to actual figures can be summed up as follows: 

Necessary pressure per square inch of section to shear a 
cold bar made from 70,000 pounds steel, and with flat knives, 
equals about 48,000 pounds. 

For an angle of 4° of knife blade the pressure per square 
inch increases from 36,000 pounds for bars of 1 inch thick- 
ness up to 45,000 pounds for 2 inches of thickness. 

Within the same limits of thicknesses with 8° blades, the 
power necessary would vary from about 22,000 to 32,000 
pounds per square inch. 

Energy per squareinch consumed in cutting rectangular 
steel bars is as follows: 


le 
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FOR I INCH THICK BARS, 


7oo inch-pounds for 8° bevel. 


For 2 inches thick bars, the above figures have risen to 
1,600-, 2,000- and 2,500-pound inches, respectively. 

Fig. 4 represents types of cards‘of angles, in both cases 
using flat knives, the first one being taken from a 6x6 
inches by 4-inch iron angle, and the second from a steel 
angle, with dimensions of 6 x 6inches byjinch. The same 
general characteristics are seen to exist here as with the 
rectangular bars. The average results in figures for cut- 
ting iron and steel angles can be placed as follows: 


4 


6x6 x inches iron angle. 6x % inches steel angle. 


FIG. 4.—Pressure diagram for iron and steel angles. 


The necessary power to cut a steel angle with dimensions 
of legs, a and 4, and with a thickness ¢ is: 


P=}tf(a+d yt 
where / is the ultimate per square inch. 

The energy per square inch in foot-pounds can be written 
in the same manner: 

E = 1600 (a + 4)# 
where the letters denote the same as ahove. 

A cold bar, rectangular or otherwise, when exposed to 
ordinary shearing machinery, as this exists in actual prac- 
tice,.is broken off, and not sheared off. The knife com- 
presses the surface metal, causing the driving force to be 
distributed on a small area, with a center of pressure located 
at a small distance away from the line of final rupture. 
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This distance represents the leverage of the above-men- 
- tioned force, and the product equals the resulting bending 
moment, tending to sever the bar. A large number of ex- 
periments were made with the view of determining the 
position of this center of pressure, and it was found to de- 
pend upon the thickness of the bar. Illustrating the above 
fact, the formula for the flat knife, as worked up on this 
basis, is represented by: 


P=jwif 


where P equals total shearing pressure, ¢ and w the thickness 
and width of bar, respectively, while / equals the ultimate 
resistance of the material per square inch for flexure. This 
formula will be found to give good results. 

Summing up the general characteristics of the indicator 
cards, as taken by and derived from the system of pressing 
metal without any restricting dies whatever, we find the 
resistances to rise quickly and reach a maximum at an early. 
period, which point being reached, a more or less gradual 
decrease takes place until rupture occurs. The metal itself 
will mainly flow in the direction of the pressure, having 
little or no side flow, while the point of rupture for cold work 
is always reached before the entire thickness has been 
penetrated. This point of the stroke, when measured in 
inches from the time the knife comes in contact with the 
bar, is represented by the formula: 


+ w tang a) 


where ¢ and w equal thickness and width of bar and a 
represents angle of knife in degrees. 


THE SECOND SYSTEM. 


It has often been asserted that punching is nothing more 
or less than a case of shearing with flat knives. That this 
is erroneous will shortly be seen when a typical punching 
eard is thrown upon the screen. In shearing, let it be 
remembered that the flow is absolutely unrestricted by any 
dies, while with punching the metal surrounding the finished 
hole acts during the operation, by its resistance to flow, 
partly as the walls of a die-chamber. 


- 
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In cold shearing the rupture occurs when the bending 
moment on the bar reaches the resisting moment of the © 
section; while in the case of punching is witnessed the 
phenomena of a detailed yield of the molecules—the whole 
process of penetrating through any one thickness being 
divided, as it were, into periods: the first one representing 
the resistance to rupture of a certain portion of the thick- 
ness, this to be succeeded by a following one where the re- 
sistance has become still greater—the line of resistance 


1 inch = 600 pounds. 
Reduction = 1:0°37. Cold punching. 
> = 11,200 foot-pounds. ¥%-inch steel. 
>= = 1,300 foot-pounds per square inch of section. Six }{-inch holes. 


No lead. 
Pressure to lift dies = 75 pounds, 
Maximum pressure to punch = 440 pounds. 
Maximum pressure to punch = 35,000 pounds per square inch of material. 


Fic, 5. 


continuously rising until the maximum is passed, after 
which it very quickly decreases—in quite marked contrast 
to what exists during the process of shearing, where, as 
seen by the cards, the heavier resistances are maintained 
during longer periods, causing diagrams less pointed but 
more rectangular. 

Fig. 5 represents a card taken during the operation of 
punching six }%-inch holes through 4-inch steel, all tools 
being. square to their axes, and all meeting the plate simul- 
taneously. 

When it is desired to punch a very large number of 
holes the tools are divided up into series, each series being 
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then set a little in advance of the following one, so as to 
make the pressure more uniform throughout the entire 
stroke. 

A typical card of this kind is given by Fig. 6, which 
represents the operation of punching two holes, each being 
224 inches long by 5 inches wide, as also twenty-three }4- 
inch holes, all through ,%-inch steel. 

The results from a large number of cards on {-inch, vr 
inch and }-inch materials are as follows: 


~ 


Reduction — 2°565 : 1. 1 inch equals 600 pounds. 
> = 88,000 foot-pounds. Cold punching. 
= 1,190 foot-pounds per squareinch ,,-inch steel. 

of severed section for combined Two holes, 22% x 5 inches and twenty- 

shear and punching. three }§-inch holes. 

B. & O. cross transoms. 
Pressure to lift dies = 75 pounds per square inch. 
Pressure at * to finish punching 22% x 5-inch holes = 490 pounds. 
Maximum pressure to punch = 712 pounds per square inch. 
I in Io 
Shear on punch. 


Fic. 6. 


Pressure per square inch to punch 70,000 to 75,000 
pounds steel varies from 30,000 pounds to 38,000 pounds, 
depending upon the condition of the punches. 

Average energy per square inch of severed surfaces = 
ubout 1,495 foot-pounds, the extremes varying about 10 per 
cent. each side of this figure. 

It must be noted that all the punches were provided 
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with some shear, as illustrated by Fig. 7, which shows the 
two styles of tools mostly in use. The figures as already 
given refer to the long punch, the end of which has a shear 
of 44 inch to the inch on each side of center. 

I also made some experiments with the smaller one, 
which, by-the-by, is not the tool generally adopted at our 
work—and the results with new punches were 38,500 
pounds per square inch of section to penetrate the plate. 
When compared to the former type this is seen to represent 
an additional power of from 20 to 25 per cent. The average 
energy per square inch of section for this same type of 
punch was found to be 1,350 foot-pounds, which is about 
the same as with the taper tool. Both pressures and ener- 
gies, especially the former, run very uniform throughout 
all the tests. 


FIG. 7. 


The peculiar shape, as exhibited by an ordinary punch- 
ing, shows plainly the existence of a detailed yield, possess- 
ing, in fact, the appearance as if the punch had penetrated 
two separate plates, originally placed one above the other. 

Quite a number of experiments on simple punching (and 
limited to -inch holes and less) were made some years ago 
by the late Mr. Alfred E. Hunt, of Pittsburg, and a paper on 
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same was subsequently read before the American Society 
of Civil Engineers, at their World’s Fair meeting in 
1893. In comparing notes I find that the energies given in 
his paper—especially for the greater thicknesses—follow 
closely the data given above. His pressures per square inch 
of metal severed run up to those generally assumed for 
shearing, as he accepts both processes as identical. They 
are thus about from 50 to 60 per cent. in excess of the re- 
sults of my own investigations. 

The general characteristics of this system are a quick, 
immediate rise in the molecular resistance in a manner 
more rapid than that of shearing to be followed by one or 
possibly more intermittent periods of detailed yield of the 
solid strata which is nearest the punching tool, the resist- 
ance being constantly increasing until a maximum is 
reached more or less quickly, depending upon the degree of 
tension of the material. This point being passed, the resist- 
ance quickly decreases until rupture occurs upon the pene- 
tration of a distance more or less equal to the full thickness 
of the material, this depending again upon its degree of 
tensile strength. 


Zo be concluded.) 


NOTES anp COMMENTS. 


ELECTROPLATED STEAMSHIPS. 


The Navy Department has received a full report showing the record of the 
American steam tug ‘‘Assistance,’’ which for four years has been used as an 
experiment in electroplating with copper as a method of protecting iron 
ships’ bottoms. The iron plates of this vessel were covered by a thin copper 
coating applied by means of electricity. The “‘ Assistance,’’ after being elec- 
troplated, was launched in Jersey City on February 22, 1895, and from that 
time until afew days ago, she was constantly in the water, and no attempt 
was made to clean her bottom. Upon being hauled out of the water at the 
Norfolk Navy Yard the craft was found to be remarkably clean. The bottom 
was entirely free from barnacles or marine growth of any kind. For the year 
just past she has been towing in the lower waters of the Chesapeake, and 
while other tug boats made it a practice to haul out to clean bottoms every 
four weeks the “ Assistance ’’ remained constantly at work. 

As a result of the successful outcome of the “ Assistance "’ test it is thought 
to be quite probable that the Navy Department will order the electroplating 
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of the bottoms of the new war-ships now building. The electroplating pro- 
cess can be carried out on the plates before they are fitted to the frames. In 
this process the copper is, figuratively speaking, fused into the steel plates 
to a depth of about ; of aninch. The time required to treat a plate is about 
forty-eight hours. 

The cost of applying the copper in this manner is said to be about $3 per 
square foot. The cost of the method of sheathing now commonly used is 
about $5 per square foot. By sheathing is meant the English system of plank 
ing the outer skin of an iron or steel vessel, countersinking the boltheads, and 
then fastening copper plates to the wooden planking after the manner followed 
on wooden ships. If the copper plates were applied directly tothe skin of an 
iron or steel vessel galvanic action would result, hence the necessity of the 
interlayer of wood. The disadvantages attending sheathing are the increased 
weight of hull and the disturbance of a vessel’s speed lines. 

For a vessel 250 feet long there would be required about 20 tons of copper, 
by the electric process. If covered by the old style sheathing of wood and 
copper the added weight is more than 1ootons, It has even been found that 
the use of wooden sheathing between the iron plating and the copper sheath- 
ing forms a galvanic pile, as the wood in time becomes water-logged, thus es- 
tablishing a current between the copper and the iron. 

If the process develops no unexpected drawbacks, the value of this compar- 
atively simple method of overcoming one of the most serious difficulties in iron 
and steel vessels, can hardly be overestimated. Itis claimed that as much as 
$20,000 is yearly expended by various ships in the transatlantic trade as the re- 
sult of overcoming the added friction caused by fouling. To dock one of the big 
shipsof several well-known lines only twice a year, at $7,500, would bring the 
total loss per craft up to $35,000 asa yearly penalty for unprotected bottoms. 
The frictional contact of water against copper is considerably less than against 
iron, asa painted surface can never be made as smooth as a burnished copper 
surface. An iron vessel with a speed of twenty knots per hour, if coated with 
copper, would have, it is calculated, a speed of twenty-one knots per hour. 


PRINTING BY X-RAYS. 


Dr. Frederick Strange Kolle, in a late number of 7he Electrical Engi- 
neer, publishes a description of the ‘‘new process of printing by the use of 
X-rays,’’ which opens up what he claims to be a feasible method of producing 
an immense number of impressions or records, Dr. Kolle states that printing 
by the use of X-rays was, perhaps, first suggested by an article by Elihu 
Thomson in 1896, wherein he showed that multiple radiographs had been 
made at one exposure ; these were called multiple skiagraphs. The experi- 
ment proved that more than a single sheet of sensitized paper would be 
affected by the rays when laid one upon the other, setting aside the theory 
that the chemical composition of one sensitized film would absorb most of the 
rays. Owing to the thin sensitized films of the printing paper, very unsatis- 
factory skiagraphs were obtained. Dr. Kolle now declares that he has over- 
come these difficulties and that the process of typo-radiography is not a theo- 
retical dream, but is a self-evident and systematic method of procedure. In 
regard to the practicability of this process, it may be said to overcome first the 


Dec., 1899.] Notes and Comments. 475 


cost of labor of composition, secondly, the limited time of striking off copies, 

and thirdly, the advantage of keeping the entire work a total secret from the 

printer, a very valuable fact not to be overlooked in diplomatic documents, 

letters, communications, etc, Dr. Kolle finds a suitable writing ink for this 

purpose to be composed of red lead, powdered gum arabic, glycerine and 

‘water. For type work a semifluid mixture of red lead, potassium bromide, 
and glycerine sufficient to make a paste would be necessary. 

These inks will, however, only permit of white text on a black background 

unless certain photographic methods are followed, as in the employment of 
‘‘ upset developers,”’ therefore, a second or ‘‘ unfatty”’ ink, which will permit 
of black characters on a white background, must be used. These are made 
preferably of bichromated mucilage. Bichromated mucilage which has not 
been exposed to light previous to its use in order that its non-adherent prop- 
erty may be retained, is suggested for the writing. The fatty ink then applied 
with a roller will adhere to the unwritten portions of the paper, leaving the 
letters uncovered or free for the penetration of the X-rays. The third method 
of preparing the phototype is to print or write a text with an adhesive or 
mucilaginous ink composed of a tacky varnish or gum and then dusting it 
over with some opaque metallic powder such as mercury biniodide, zinc oxide 
or lead oxide. The copy would then have to be blown off to render the char- 
acters clear cut and the unused space free from mottling opacities resulting 
from retained dust. 

After the copy is prepared, the sensitive paper on which it is to be printed 
is made into what Dr. Kolle calls a ‘‘senso-block,’’ which contains fifty 
to one hundred sheets. It is then mounted or clamped into a form, the sensi- 
tized side upon which the copy or phototype is laid facing up, and itis thus 
subjected to the action of the X-rays. The current is theu turned on for an 
exposure of ten or twelve seconds, and the block taken to a dark room to be 
developed. Twenty blocks each containing fifty sheets of paper might be 
arranged around one X-ray tube to give 1,000 impressions every ten seconds 
of exposure. This would give about 6,000 copies a minute. Professor Kolle 
suggests that special gelatino-bromitized films be used and after being photo- 
graphed to form a block should be made so that it will still retain the features 
of a single sheet. 

The process is extremely interesting, and though it is not regarded as a 
menace to priuting, at the same time there is, unquestionably, a field for the 
X-ray printing establishment which may only require intelligent development 
to bring it within the domain of the working arts. 


RELATIVE PROPERTIES OF TUNGSTEN AND MOLYBDENUM 
STEELS. 


The production of special qualities in steels, by the incorporation in the 
metal of relatively small quantities of alloying metals, is attracting much 
attention from metallurgists. It has, in fact, opened an entirely new field of 
investigation, which gives promise of yielding extremely valuable results. 

Apropos to this is the following communication by Mr. R. Helmhacker, 
in a late issue of the Engineering and Mining Journal relative to the 
peculiarities of tungsten and molybdenum steels, viz. : 


| 
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“Steel alloyed with a small proportion of tungsten has been used for 
some years in the manufacture of tools and other articles requiring a hard 
and tough metal. Some years ago Prof. V. Leepin, of St. Petersburg, 
Russia, suggested that molybdenum might be used for the same purpose, as 
it strongly resembles tungsten in its properties. After some discussion he 
succeeded in having molybdenum steel made at the Pubilov Iron Works, and © 
carried on a number of tests, the results of which were published in the 
Russian Mining Journal for 1897. In making these tests great paitis were 
taken to have the steel, both tungsten and molybdenum, made under the 
same conditions. Both steels were made in Siemens regenerative furnaces 
from a charge consisting for the molybdenum steel of 20°6 kilograms of basic 
open-hearth steel; 2 kilograms Swedish charcoal pig iron; 2*3 kilograms 
Swedish charcoal blooms; o*r kilogram ferro-silicon, and 1 kilogram 
molybdenum in a metallic form, but combined with a small quantity of car- 
bon. For the tungsten steel the charge consisted of 16 kilograms basic open- - 
hearth steel; 3°7 kilograms Swedish pig iron; 2°9 kilograms Swedish char- 
coal blooms; o'r kilogram ferro-silicon, and 1°8 kilograms ferro-tungsten 
having 48 per cent. tungsten. Both steels were cast into ingots, which were 
afterwards rolled into rods of a suitable size for the testing machine. By 
analysis the percentage of tungsten was found to be 3°8 and that of 
molybdenum 3°7. 

‘*The experiment showed that the molybdenum steel is somewhat softer 
than the tungsten steel. Oil tempering and high heating after hardening 
increased the limit of elasticity in the molybdenum steel. Common temper- 
ing in oil has a greater influence on the tungsten steel than on the 
molybdenum, but on the other hand the molybdenum steel was stronger than 
the tungsten after heating and hardening in water. Tungsten steel was 
more apt to split than the other when worked, and broke sooner when bent 
cold. 

“In many respects the properties of the two kinds of steel were very 
‘similar, but the molybdenum steel seems to stand forging and hardening 
better, showing that in some cases it may furnish a better metal than the 
tungsten steel. 

‘*We have heretofore referred to the use of molybdenum, tungsten and 
some other of the rarer metals in the processes for making armor-plate at the 
Krupp works in Germany and the Creusot works in France. At both these 
establishments the alloys used are kept secret, but it is probable that a mixture 
of several of the rarer metals is used, including both tungsten and molyb- 
denum.”’ 


A DEPARTMENT OF MINERALOGY AND MINING, 


Representative Osborne has introduced into Congress a bill providing for 
the establishment of an executive Department of Mineralogy and Mining. 
These subjects in the United Sta'es are of such great importance, that there 
should certainly seem to be a legitimate field for the creation of another de- 
partment. 

‘* That there shall be established at the seat of government an executive 
department, to be known as the Department of Mineralogy and Mining, the 
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objects of which shall be to gather and diffuse among the people of the United 
States practical and useful information pertaining to mining in a)l its branches. 
Sai | department shall be under the supervision and control of an executive 
officer, to be known as the Secretary of Mineralogy and Mining. Said officer 
shall be appointed by the President, by and with the advice and consent of 
the Senate. There sha’l be an Assistant Secretary of Mineralogy and Mining. 
The Secretary of Mineralogy and Mining shall receive the same salary as is 
paid to the Secretaries of the executive departments of the government. 
The Geological Survey, as at present established, together with a}l] records, 
maps and apparatus now connected therewith, shall be transferred to and 
made a part of the contemplated new department. This act shall go into 
effect and be in force on the fourth day of March next succeeding the day of 


its final passage.’’ 


RESISTANCES FOR ABSORBING LARGE POWERS. 

A contributor to Z’ Zlectricien describes an ingenious construction of rheo- 
stat for absorbing an output of 400 kilowatts used in testing the generators in 
the station at Nancy, France. The rheostat consists of galvanized iron netting 
ordinarily used in protecting the underground distribution cables, the par- 
ticular advantage obtained in using this material apparently being the enor- 
mous radiating surface per unit cross-section. A strip of this netting about 11 
inches wide, composed of sixteen strands of galvanized iron wire with a cross- 
section of about ;$, of a square inch, the whole strip being 180 feet long, 
absorbs 500 ampéres at 240 volts, the strands remaining at a temperature 
below that of the fusing point of lead. 


Franklin Institute. 


( Proceedings of the Stated Meeting held Wednesday, November 15, 1899.) 


HALL OF THE FRANKLIN INSTITUTE, 
PHILADELPHIA, November 15, 1899. 


Mr. JOHN BIRKINBINE, President, in the chair. 


The chair was taken at 8 o’clock, P.M. 

Present, 109 members and visitors. 

Additions to membership since last report, 32. 

Letters of acknowledgment of election were presented from the following - 
Rear-Admiral G. W, Melville, U.S. N., Mr. Ralph W. Pope, Dr. Coleman 
Sellers, Dr. Robert H. Thurston, Dr. Charles F. Himes, Dr. Harvey W. 
Wiley, Prof. Martin H, Boyé, Dr, T. C. Mendenhall, Hon. Frederick Fraley 
(honorary members) and Mr. T. Commerford Martin (corresponding 
member ). 

A circular of ‘‘ Directions for Amateur Meteor Photography,’’ issued by 
the Physical and Astronomical Section for the information of members of the 
Institute who may desire to make photographic records of the meteoric 
showers expected to occur about this time, was presented for distribution, 
The papers of the evening were then announced. 
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Capt. E. B. Babbitt, U. S. A., presented a communication on ‘ Recent 
Developments in Military Powders and Explosives in the United States.’’ The 
speaker illustrated the subject with the aid of specimens of high explosives 
now in use in the United States army, and by a series of lantern slides. 
(Referred for publication. ) 


Mr. A. E. OUTERBRIDGE, JR., in the chair. 


Mr. T. D. Mullan presented a communication on ‘‘ Rubber Substitutes and 
their Applications to the Arts, with Especial Reference to the Products of the 
Manufactured Rubber Company.’’ The subject was illustrated by the exhi- 
bition of an interesting collection of specimens, exhibiting the new products 
in all stages of manufacture. Mr. Mullan’s paper will appear in the Journa/. 
Referred to the Committee on Science and the Arts. 

Mr. W. N. Jennings presented a communication of Prof. R. W. Wood, of 
the University of Wisconsin, on ‘‘The Causes of Dark Lightning and the 
Claydon Effect,’’ illustrated with a number of lantern slides. An abstract of 
the communication will appear. 

The chair expressed the thanks of the meeting to the speakers. 

Adjourned. Wo. H. Want, Secretary, 


COMMITTEE on SCIENCE anpD THE ARTS. 


( Abstract of the proceedings of the stated meeting held Wednesday, November 
1, 1899. 
PROF. EDGAR MARBURG in the chair. 


The following reports were adopted : 


Acetylene Gas Generator.—John Condon, Philadelphia. 

ABSTRACT.—This machine belongs to the class known as ‘‘ drop machines,’’ 
in which the calcium carbide is fed gradually to relatively large quantities 
of water. This type of machine the Committee considers to be superior in 
principle to the other two recognized types, i. ¢., those in which water is 
added from time to time to large quantities of the carbide; and those in which 
the carbide is contained in wire baskets and the level of the water rising 
to or receding from it, is regulated by the pressure of the acetylene gas. 

In the Condon machine the feeding of the carbide to the water is made 
automatic by actuating the feed mechanism by means of the rise and fall of 
the gasometer. The machine also embodies special devices to ensure safety 
in charging to prevent the escape of gas. 

The Investigating Committee finds that the problem of automatically 
feeding carbide to water for the purpose of generating acetylene gas has 
been solved in this apparatus in a satisfactory manner, and that the appa- 
ratus is.of good construction, well designed and safe in use. 

The device is protected by letters-patent of the United States, No. 617,563, 
January 10, 1899, and No. 687,885, May 13, 1899, granted and assigned respec- 
tively to applicant. [.Swb-Committee.—Chas. A. Hexamer, Chairman; Harry 
F. Keller, Wm. McDevitt.] 
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Pocket Recorder for Tests of Materiais.—Gus. C. Henning, New York. 

ApsTRACT. —The object of this device is to furnish at a reasonable cost 
a portable autographic recorder, which may be applied to any testing ma- 
chine which has a running poise weight without causing delay for adjust- 
ment, the results being at the same time reliable and such that they can be 
at once interpreted. 

The apparatus consists essentially of three parts: The top and bottom 
clamps which secure it to the test piece; the parallel-motion mechanism, 
similar to that employed on a steam-engine indicator, with a pencil at the 
extremity of the long lever moving at a rate proportional or equal to the 
stretch or compression of the test piece ; and the drum or frame, carrying a 
sheet of paper on which the record is made, and which moves at a rate pro- 
portional to the stress to which the test piece is subjected. 

The record is thus a continuous and complete graphical representation of 
the®condition of stress and strain at any and all points between the initial 
‘ application of stress and the rupture of the test piece. 

The investigators find the apparatus to possess the following points of 
merit: Portability, compactness, the method of gripping specimen, the 
magnification of the strain in the stress-strain diagram up to the yield point 
and the normal record from this point on to rupture. The report concludes 
as follows : 

‘‘ While not possessing any strikingly new features, the instrument clev- 
erly'condenses and combines the strong points of existing appliances, and 
makes a recorder readily adaptable to any except hydraulic machines.”” A 
certificate of merit is awarded. [Su6-Committce.—Wilfred Lewis, Chairman; 
Tinius Olsen, Richd. Humphrey. ] 


Electric Car-Lighting.—Morris Morris Moskowitz, Newark, N. J. 

ABSTRACT.—The Moskowitz system belongs to the type of car-lighting 
systems in which a dynamo-electric machine driven directly from the car 
axle keeps a set of storage batteries charged, so that each car, when in ser- 
vice, is always in condition to supply its own lights. 

[The report is reserved for publication in full.] The John Scott Legacy 
Premium and Medal is recommended, [Swb-Committee.—Arthur J. Rowland, 
Chairman; E. A. Scott, Chas. J. Read, Geo. F. Stradling.]} 


Book and Letter Typewriter.—R. J. Fisher. 

ABSTRACT.—The apparatus investigated is an improved typewriting ma- 
chine designed for printing characters on the pages of blank-books, or on 
loose sheets of paper, by means of steel type and an inked ribbon. [Re- 
served for publication in full.] The John Scott Premium and Medal is re- 
commended. [Sub-Committee.—J. Logan Fitts, Chairman; H. R. Heyl, 
Samuel Sartain, Hugo Bilgram, Edward F. Moody.) 


Static Machine X-Ray Apparatus.—Sweet & Lewis, Boston, Mass. 

AxnsTRact.—This consists of a Holtz machine outfit specially designed for 
the convenient production of X-ray phenomena. The original part of the 
combination the investigators find to consist in the commutating device, 
which is made to serve the double purpose of reversing the discharges and of 
adjusting their frequency and magnitude. 
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The report concludes that the apparatus is portable, seems reliable and effi- 
cient, and in respect of the commutating device is original. A certificate of 
merit is awarded to the manufacturers. [Suwb-Committee.—A. E. Kennelly, 
Chairman ; Geo. F. Stradling. } 

Portable Photomeler.—Charles Deshler and Edwin J. McAllister, Newark, 
N. J. 

This apparatus was described in the Journal for November, 1899. (See 
article ‘‘ Photometry of Incandescent Lamps,’’ Rowland, p. 376.) 

The investigators find that the apparatus is well adapted for the purposes of 
its design. A certificate of merit is awarded. [-Sub-Commitiee.—Arthur J. 
Rowland, Chairman ; Francis Head, F. E. Ives. ] 

Piston- Valve for Steam Engines.—J.H. Dunbar, Youngstown, O. 

Steam Turbine.—Samuel Colt, Santa Barbara, Cal. 

Brake Mechanism for Railway Cars.—Harper M. Smith, Philadelphia. 


‘Window-sash Slide for Railway Cars and Vessels.—W. Curtis Taylor, 


Philadelphia. 
Electric Motor—Arthur Beard, Philadelphia. 
(In these cases the reports were advisory.) 
The following passed first reading : 
Drawing-Tables.—Samuel J. Loughlin and James Hough. 


SECTIONS. 
[Abstract of Proceedings.) . 

COMMEMORATIVE MEETINGS, October 2 to October 6, 1899. 

The program for the celebration of the Seventy-fifth Anniversary of the 
Franklin Institute embraced a series of Commemorative Meetings. These 
were duly announced, and were held in Convention Hall of the National 
Export Exposition, beginning Monday evening, October 2d, and continuing 
on successive evenings of the week until Friday evening, October 6th. 

The Commemorative Meetings were held in the following order : 

CHEMICAL SECTION.—Monday, October 2d, Dr. Jos. W. Richards in the 
chair. 

Mr. John Birkinbine, President of the Institute, made a brief address, 
apropos to the occasion, in which he sketched the progress of the Institute, 
and dwelt upon the steady expansion of its work. 

Dr. Richards made the introductory address, and presented Dr. Harvey 


W. Wiley, Chief Chemist to the U. S. Department of Agriculture, who also 
made an address on ‘“‘ The Relation of Chemistry to the Advancement of the 


Arts.”’ 

Dr. Chas. F. Himes, of Carlisle, Pa., followed on behalf of the Photo- 
graphic and Microscopic Branch with an address on ‘‘ The Making of Pho- 
tography.”’ 

(The addresses appear in the Journa/.) 

ELECTRICAL SECTION,—Tuesday, October 3d, Prof. George A. Hoadley 
in the chair. 
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The President of the Section introduced Prof. Edwin J. Houston, who 
delivered an address on “The Seventy-fifth Anniversary of the Franklin 
Institute from an Electrical Standpoint.’’ 

Mr. Ralph W. Pope, Secretary of the American Institute of Electrical En- 
gineers, followed with an address on ‘‘ The Influence of Technical Societies in 
Promoting the Progress of the Arts.’’ 

(The addresses appear in the /Journai.) 

MINING AND METALLURGICAL SECTION.—Wednesday, October 4th, Mr. 
James Christie in the chair, 

In a brief introductory address, referring to the objects sought to be ac- 
complished by the Section, the Chairman introduced Mr, John Fritz, of Beth- 
lehem, Pa., who addressed the meeting on ‘‘The Development of the Iron 
Manufacture in the United States.”’ 

Mr. Chas. Kirchhoff, editor of the /ron Age, followed with an address en- 
title 1 ‘‘ Three-quarters of a Century's Progress in Mining and Metallurgy.” 

(The addresses appear in the /ournai.) 

MECHANICAL AND ENGINEERING SECTION.—Thursday, October 5th, Mr, 
Wilfred Lewis in the chair. 

The Chairman made an opening address, dwelling on the operations of the 
Section and its opportunities for usefulness, and introduced the speaker of the 
evening, Dr. Coleman Sellers. 

Dr. Sellers made an address on ‘‘ The Progress of the Mechanical Arts in 
the Past Three-quarters of a Century.”’ 

(Presently to appear in full in the Journal.) 


PHYSICAL AND ASTRONOMICAL SECTION.—Friday, October 6th, Dr. A. 
E. Kennelly in the chair. 

Dr. Kennelly delivered an introductory address, and was followed by Dr. T. 
C. Mendenhall, President of the Worcester Polytechnic Institute, who spoke 
on ‘‘ The Progress of Physics and Astronomy.” 

(To appear in full in the Journal.” 

CHEMICAL SEection.—Stated Meeting, Tuesday, November 21st, Dr. Wil- 
liams, Vice-President, in the chair. 

Present, 34 members and visitors. 

Dr. Francis Wyatt, of New York, member of the Section, delivered a ec- 
ture on ‘‘ The Influence of Science in Modern Beer Brewing,’’ a carefully 
prepared and masterly presentation of the subject. Discussed by Dr. H. F. 
Keller, Dr. Williams and the author. The paper is referred for publication. 
The meeting tendered a vote of thanks to the lecturer and adjourned, 


PHOTOGRAPHIC AND Microscopic BRANCH.—Séated Meeting, Tuesday, 
November 7th, Dr. Henry Leffmann, President, in the chair, 

Present, 44 members and visitors. 

Mr. Frank V. Chambers, editor of Zhe Commerce, gave an exhibition 
with the aid of the lantern, of pictures made by the McDonough process of 
color pho ography, and gave some explanation of the method. 

The subject was discussed by Messrs. J. F. Sachse, L. E. Levy, Fred. E. 
Ives and Chambers. Mr. Ives gave a brief sketch of the history of this sys- 
tem of producing color effects in photography. 
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The principal paper of the evening was contributed by Dr. Chas. F. 
Himes, of Carlisle, Pa., member of the Section, who addressed the meeting 
on the subject of “ Photographic Record Work.”’ Dr. Himes advocated, as 
part of the systematic work of the Branch, the formation of a collection of 
photographs preservative of interesting facts —scientific, historical, ete.—dother- 
wise liable to be lost, and the proper arrangement of such a collection for pre- 
servation and reference. 

The value of photographic work of this kind was illustrated by reference 
to similar work carried on elsewhere, and was exemplified by the exhibition 
of photographic reproductions of historically valuable scientific apparatus, 
ancient MSS., newspapers, etc., contributed by Mr. Sachse, Dr. Leffmann and 
Dr. Himes. The subject was freely discussed by the members just named, Mr. 
W. N. Jennings and lL. E. Levy. The President announced that the work of 
preparing a plan for the proper undertaking of such work by the Branch had 
been confided to a special committee, to report at a subsequent meeting. 


ELECTRICAL SECTION.— Stated Meeting, Tuesday, November 28th, Prof. 
Wilbur M. Stine in the chair. 

The principal paper of the evening was read by Mr. F. W. Willcox, of the 
General Electric Company, Harrison (Newark), N. J. Subject: ‘‘ Incan- 
descent Lamps,’’ and was well illustrated by means of specimens, charts and 
lantern slides. 

Mr. W. E. Harrington followed with a communication on * Rail-bond- 
ing,’’ giving the results of practical experience in the use of various methods 
and conclusions as to the most approved types of such devices. 


MINING AND METALLURGICAL Secrion.—Stlated Meeting, Wednesday, 
November 8th, President James Christie in the chair. 

Mr, Charles James, member of the Section, presented a communication 
on ‘‘The Annealing of White Cast Iron,’’ which embodied the results of 
much practical experience in this branch of foundry work. A discussion 
followed on the general subject of iron and steel castings. 


MECHANICAL AND ENGINEERING SEcTION.—S/lated Meeting, Thursday, 
November oth, Mr. Wilfred Lewis, President, in the chair. 

Mr. Henrik V. Loss, member of the Section, read the first installment 
of a paper on the ‘‘ Pressing of Steel,’’ treating specially of the flow of 
steel. Discussed by Mr. James Christie, the President and the author. Re- 
ferred for publication. 


PHYSICAL AND ASTRONOMICAL Section.—Sfated Meeting, Friday, No- 
vember roth, Dr. A. E. Kennelly, President, in the chair. 

The following communications from the Section’s collaborators were pre- 
sented : 

‘‘A brief Report of some late Determinations of the Density of the 
Earth,’’ by Prof. A. Stanley Mackenzie. 

‘‘ The Daguerreotype,’’ by Prof. E. A. Partridge. 

‘‘4 short History and Discussion of the Florentine Enigma,’’ by Prof. C. 
B. M. Zerr. 

A general discussion of the topics followed. 


: 
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Chas. D. Barney & Co. 
BANKERS and BROKERS 


122 South Fourth Street PHILADELPHIA. 


Members New York and Philadelphia Stock Exchanges. 
Buy and Sell Stocks and Bonds. : 
Investment Securities a Specialty. 


RADIAL 
3 Foot to 14 Foot Arms 


POWERFUL, ACCURATE AND EASILY 
OPERATED 


SPRINGFIELD, MASS., U. S. A. 


1899 CATALOG 


SALES AGENTS 

MANNING, MAXWELL & MOORE, New York, Chicago, - 
Pittsburg and Cleveland 

HILL, CLARKE & CO., Boston 


EUROPEAN AGENTS 
SELIG SONNENTHAL & CO., London, E. C. 
E. SONNENTHAL, Jr., Berlin, Germany 
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BEMENT, MILES & CO. 


PHILADELPHIA, PA. 


MANUFACTURERS OF 


TOOLS 


FOR RAILROAD SHOPS, LOCOMOTIVE 
AND CAR BUILDERS, MACHINE SHOPS, 
ROLLING MILLS, STEAM FORGES, SHIP 
YARDS, BOILER SHOPS, BRIDGE WORKS, 
£TC., ETC. 


Steam Hammers, Steam and - 
Hydraulic Riveting Machines. — 


NEW YORK OFFICE, 
39 CORTLANDT STREET. 


CHICAGO OFFICE, 
1534 MARQUETTE BUILDING. 


GASOLINE 


DIRECT FROM THE TANK. 


Cheaper tha steam. 


i No Boiler. No Steam. No Engineer. 
Unexcelled for running 


Elevators, 
Wood Tools, Prin or al 
kind of — 


/ OTTO GASOLINE ENGINES 


= Stationary or Portable. 
1 to 250 H. P. 8 to 20 H. P. 


POWER FROM ARTIFICIAL or PRODUGER CAS 


Coal Gas Consumption 15 to 20 cubic feet per H. P. per hour, 
according to quality of Gas and size of Engine. 

Producer Gas, one pound of Anthracite Pea per H. P. per hour. 
Send for Catalogue, Prices, etc., describing work to done. 
THE OTTO GAS ENGINE WORKS, INc., 

OVER 45,000 soLp. 33d and Walnut Sts., Philadelphia. 
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SOUTHWARK FOUNDRY AND COMPANY 


PHILADELPHIA, PA. 
Sole Makers of the 


Porter-Allen ee Engine 


SPEED 
MINIMUM FLOOR 
SPACE 


CENTRIFUGAL PUMPS 

WATER WORKS PUMP- 
ING ENGINES 

WEISS COUNTER- 


Morse Elevator Works. 
MORSE, WILLIAMS & CO. 


ot 


Electric, Belt and Hand-Power 
Passenger and Freight 


ELEVATORS 


._f 05 Frankford Ave., one . J Frankford Ave., Wildey 
Oftce : { Square bel. Girard Ave. Works: { and Shackamaxon Sts. 


PHILADELPHIA, PA. 


108 Liberty Street, New York. 19 Pearl Street, Boston. 
82 Church Street, New Haven. 4 E. Lexington Street, Baltimore, 


J. LONERGAN & CO. 


—— Manufacturers of —— 


Patent Oilers, Lubricators & Pop Safety Valves 


Rallroad, Machinists’, Mill Supplies, 


Catalogue free on application 


| SIMPLICITY OF DESIGN 
ta HIGHEST ECONOMY OF 
| | CLOSE REGULATION 
SERS 
Standard Compound Porter-Alien Engine 
cor 
= : 
and Brass | 
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PHILADELPHIA, PA. 


MANUFACTURERS OF 


Riveters 
Injectors 


Stokers 


Turn Tables 
Wheel Presses 


Pulleys 
Shafting 


Testing 
Machines 
Gear Cutters 
Ete., Ete, 


Lathes 
Planers 
Cranes 


Drill Grinders 
Tool Grinders 


Slotters 


Steam Hammers 
Punches 


Shears 
Ete., Ete. 


HYDRAULIC RIVETER, 132” GAP 


Wom 
99 ‘ 
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“The Fuel Gas System of the 
AMERICAN GAS FURNACE CoO.”’ 


INCLUDES 
Automatic Gas Generators 


Gas Blast Furnaces 
Automatic Heating Machines 
Positive Pressure Blowers, Ete., Ete. 


And every requisite for a thoroughly effective, Systematic and Economica! Use of Heat in all 
kinds of work. Hundreds of first-class factories have it in use. Catalogues and pam ag 
on application to AMERICAN GAS FURNACE CO., 23 John Street, New York 


EBERHARDT'S PATENT 
EXTENSION BASE 
(TRADE-MARK.) 


Gives 100 

MORE 
PER MINUTE 
than any other 

MACHINE MADE 


Gear Cutters 
Drill Presses 
TOOL AND 
Cutter-Grinders 


HIGH-CLASS 


GOULD & EBERHARDT, 


MANNING, MAXWELL & MOORE, New York, N. Y. 
U. BATRD MACBY. CO., Pittsb 
{UBan ALL & HUSCHART MACHY. CO., Cleveland & Chicago 


DOUBLE TRIPLE. Quick, STROKE 


FROM | TO 40,000 POUNDS WEIGHT. 
Of Open Hearth, or Chester Steel. 
True to Pattern. Sound. Solid, 


Gearing of all Kinds, Crank Shafts, 


CHESTER STEEL CASTINGS CO. 


WORKS, CHESTER, PA, OFFICE, 407 LIBRARY ST., PHILA., PA. 


PATENTED PATENT 
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For special uses we are prepared to build 
GOMPRESSORS 


to deliver air or gas at any pressure that can be governed or 
utilized after leaving the machine. We have built compressors for 


ILLUMINATING HYDROGEN 
GAS CARBONIC ACID 
NATURAL GAS SULPHUROUS 
ACETYLENE ACID 
CHYMOGENE ATS NITROUS ACID 
OXYGEN And AIR 


Compression can be carried, if desired, to the point of lique- 
faction when proper cooling is provided. 

Catalogues furnished to business men and engineers upon 
application. 


THE NORWALK IRON WORKS CO. 


SOUTH NORWALK, CONN. 
The Hendey-Norton Lathe Combines 


the Latest and Best Improvements. 

It is a Modern Lathe and has no 
Equal. Its Special Conveniences have 
each a particular Value and Merit. It is 
equally valuable in the Laboratory, the 
Tool Room or General Machine Shop. 

The Automatic Stop, Reverse in 
Apron, and Device for Feeds and Screw 
Cutting make it the most Complete Lathe 


. A LINE OF OUR TOOLS IS ON EXHIBITION AT THE 
in use. PHILADELPHIA BOURSE. 


Tue Henpey Macuine Co., 
Send for Catalogue Torrington, Conn. 
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SEND IN YOUR SUBSCRIPTIONS 
FOR 


SCIENCE ABSTRACTS 


Physics and Electrical Engineering. This valuable work will give youa of the 
latest informationon General Physics, Light, Heat, Sound, Electricity, Electro- 
Chemistry and Chemical Physics, General Electrical ng, 
mos, Motors and Transformers, Power Distribution, hy 

Ps RT ete. Vol. I, 1 in handsome half red morocco bi 0°00 

Vol. IT, 1898, in paper parts, $6.00, Subseription for Vol. I[1, 1900, $6.00. ~g yt 

bers, price, 50 cents. 


This is the-paper for your boys. 
THE MODEL ENGINEER AND AMATEUR 
ELECTRICIAN 
The best, most up-to-date and complete pad. Bap ope of | kind that is published. 


Annual subscription, 75 cents, post mailed to any address on 
receipt of 8 cents, 


THE PHOTOGRAM 


A monthly phosssraniis Journal for amateurs and all those interested in Photo- 
graphy. Annual subscription, $1.10, postpaid. 


THE PROCESS PHOTOGRAM 


An up-to-date monthly periodical devoted to all branches of ne go Agr 
cially to the various branches of Process Work. Annual subscriptio: 
We take subscriptions for all American and Foreign Technica! and Scientific Period- 


icals. 
NEW BOOKS 


BUTLER. Portland Cement, Its Manufacture, Testing and Use,.......... . $6.00 
MILLIS. Metal Plate Work. New edition, much enlarged, ........... 3.50 
MOLESWORTH. Pocketbook for Engineers. 24th ed tion, 2.00 
MARSHALL. Small Accumulator, How to Make and Use, . . 
TENNANT and KINEALY. The Slide Valve Sim ply Explained, 1,80 
WATSON. How to Run Enginesand Boilers. Muchenlarged, ........... 1.00 
ALLEN. Earthwork Tables and Calculations (pocketbook), ..........+5+4-.s 2.50 

PON’S Mechanic’s Own Book. New edition, extra binding, 2.50 
BINNS. Orthographic Projection. New edition, ..... 3.50 


NEARLY READY 


BAILEY. Chemists’ Pocketbook. New edition. 
INGLE. Fire Chemistry and Fire Prevention, 
ROBINSON. Gas and Oil Engines. 
MORRIS and MORITY. Propel? 
BARNABY. Designing of Marine 
New 


SPON & CHAMBERLAIN 


PUBLISHERS 
12 Cortlandt Street NEW YORK 
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WE GIVE SPECIAL ATTENTION TO THE 


PRINTING 


CATALOGUES, PRIGE-LISTS AND EIRGULARS 


Our Designs are tasteful. Our prices are moderate. Our facilities 
for promptly filling all orders, whether large or 
small, are unsurpassed. 


Printing also in German, French, Spanish or Italian 


(INCLUDING TRANSLATION.) 


- EDWARD STERN & CO. 


(INCORPORATED.) 
BOOK, NEWSPAPER AND JOB PRINTERS, 


112 and 114 NORTH TWELFTH STREET, PHILADELPHIA. 


BOSTON, CLEVELAND, ST. LOUIS, ST. PAUL, MINNEAPOLIS, 
KANSAS CITY, MONTANA, DENVER, VIRGINIA, 
PACIFIC COAST. 


MONTHLY JOURNAL. 


SUBSCRIPTION, $3.00 PER ANNUM, 30 CENTS PER COPY. 
Joun C, TRAUTWINE, JR., Secretary, 257 S. FOURTH ST., PHILADELPHIA. 


— 
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The Boyden 


URIAH A. BOYDEN, ESQ., of Boston, Mass., has deposited with the 
Franxin Lyerrrors the sum of one thousand dollars, to be awarded as a Pre- 
mium to 


“Any resident of North America who shall determine 
by experiment whether all rays of light, and 
other physical rays, are or are not trans- 
mitted with the same velocity.”* 


The following conditions have been established for the award of this Premium : 
1. Any resident of North America, or of the West India Islands, may be a com- 
petitor for the Premium; the southern boundary of Mexico being considered as the 
southern limit of North America. 

2. Each competitor must transmit to the Secretary of the FRANKLIN INSTITUTE a 
memoir, describing in detail the apparatus, the mode of experimenting, and the results: 
and all memoirs received by him before the first day of January, one thousand nine 
hundred will, as soon as possible after this date, be transmitted to the Committee 


| 


in their opinion any, and, if so, which of the memoirs is worthy of the Premium. And, 
on their report, the FRANKLIN INstrITUTE shall decide whether the Premium shall be 
awarded as recommended by the Judges. 


memoirs is worthy of the premium, the 
the name of the author communicated to the Instrruts. The sealed envelopes accom- 
ying unsuccessful memoirs, will be destroyed unopened, in the presence of the 
Board of Managers. 
Should the Judges think , they may require the experiments described in 
any of the memoirs to be in their presence. 

6. The memoirs presented for the Premium shall become the property of the 
FRANKLIN INsTITUTE, and shall be published as it may direct. 

* The problem has been more specifically defined by the Board of Managers, as 
follows :— 

“ Whether or not all rays in the spectrum known at the time the offer was made, 
namely, March 23, 1859, and comprised between the lowest frequency known thermal 
rays in the infra-red, and the highest oe any: & known rays in the ultra-violet, which 
in the opinion of the Committee lie between the approximate frequencies of 2 x 1014 
double vibrations per second in the infra-red, and 8 y 1')14 in the ultra-violet, travel 
through free space with the same velocity.” 


of Judges. 
3. The Board of Managers of the FRANKLIN INsTITUTE shall, before the first day of 
: January, one thousand nine hundred, select three citizens of the United States — 
: of competent scientific ability, to whom the memoir shall be referred; and the 
: said Judges shall examine the memoirs and report to the FRANKLIN INSTITUTE -— 
4. Every memoir shall be anonymous, but shall contain some motto or sign by which 
it can be recognized and designated, and shall be accompanied by a sealed envelope, 
endorsed on the outside with some motto or sign, and containing the name and ad- 
dress of the author of the memoir. It shall be the duty of the wil the Jolecod FRANK- 
LIN INSTITUTE to keep these envelopes securely and unopened until the Judges shall have 
finished their examination; when should the Judges be of opinion that any one of the 
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THE 
STANDARD 


STEEL WORKS. 


Locomotive and’ Car 
mee Whee! [ires 


PHILADELPHIA, PA. 
METAL | PLATE ENGRAVINGS 


— FOR — 


Scientific, Artistic and Commercial Illustration, 


Models, Sketches, Designs, Photographs, &c. 


These plates are furnished in hard type-metal, ready for use in the printing press ; 
they are superior to wood-cuts, in accuracy and detail, and lower in price. 
We make a specialty of the manufacture of Illustrated Catalogues. ADDRESS, 


Co. 
7th and Chestnut Sts., Philadelphia. 


G. MARTIN BRILL, President 


Joun A. BRILL, Vice-President Jas. RAWLE, Secretary and Treasurer 
J. G. Brill Company 
.. Builders of.. PHILADELPHIA 


Railway and Tramway Cars 


WILLIAM CRAMP & SONS’ 


Ship and Engine Building Co. 


PHILADELPHIA. 
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PASSENGER AND FREIGHT 


FOR HOTELS AND BUSINESS HOUSES 


HYDRAULIC AND STEAM-POWER. 


Hoisting Machin for Iron Furnaces, Mines, Inclined 
PORTABLE HOISTS, AND ALL KINDS HOISTING 
MACHINERY A SPECIALTY. 


STOKES & PARRISH ELEVATOR CO. 


MAIN OFFICE: BULLITT BUILDING, PHILADELPHIA. 
New York Office, 18 Cortlandt St. Works, 30th & Chestnut Sts., Philadelphia. 


UNIVERSAL COUSLE TUBE INJECTOR 


The most Complete and Reliable Boiler-Feeder known, 
No adjustment required for varying steam pressure, 
Operated entirely by one handle. 
» Will take hot water 
up to 150 deg. Fahr. 


Send for Catalogues 
of Blowers and Ven- 
tilators and Air Com- 

pressors 
and Ex- 
haustere 
for all 


purpos- 


Siphon Pumps for 


Exhaust Steam Induction Condensers 
and other liquids. for all kinds of Steam-Engines. 


L. SCHUTTE & Co., Sole Manufacturers, 
TWELFTH AND THOMPSON STS., PHILADELPHIA, PA. 


CYRUS SUCCESSOR TO 


& 


Will lift 
water 
— 
desorip- PACUNIVERSAL EKORTINGS 
ICk 
RTS 2 
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PHILADELPHIA QUARTZ Ce. 


MANUFACTURERS OF 


SILICATE OF SODA 


IN ITS VARIOUS FORMS 


Office: 227 CHESTNUT STREET 
PHILADELPHIA, PA. 


Established 1828. Incorporated 1876. 


MORRIS CO. 
Port Richmond Iron Works, 


PHILADELPHIA, 


MANUFACTURERS OF 


Machinery, Boilers and Tanks. 
Heavy Machinery a Specialty. 


HENRY TROEMNER, 
710 Market Street, - Philadelphia, 


MANUFACTURER OF 

Assay Balances, 
Chemical Ralannaa Fine Weights, &c., &c. 


List on Application.-“@a 
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ESTABLISHED 1840. i 
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JOHN CARBUTT 


Manufacturer of 


Dry Plates or att classes of Photographic Work) 
Celluloid Films cut sizes) 

Ribbon Film Animated Picture Machines) 
Developing and Printing Out Papers 
Developers (in tiquia and ‘powder form) 

For sale by all dealers 


Send to factory for Price-List of Plates, Films and Specialties, 


JOHN CARBUTT 


KEYSTONE Wayne Junction 
Dry Plate and Film Works Philadelphia 


MACHINES 


HYDRAULIC PRESSES. 


We are always prepared to make tests 
of all kinds. 


TINIUS OLSEN & CO. 


500 NORTH TWELFTH STREET, PHILADELPHIA, PA. 


WASHING AND TESTING BOILERS WITH HOT WATER. 
INJECTORS AND JET APPARATUS. 


Rue M’fg Co., Philadelphia, Pa. 
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Charter Per- 
petual 


Incorporated 
1866 


Issues Policies of Insurance after a Careful Inspection of the Boilers 


COVERING ALL LOSS OR DAMAGE TO 


BOILERS, BUILDINGS AND MACHINERY, 


AND DAMAGE RESULTING FROM 


LOSS OF LIFE AND PERSONAL INJURIES 


CAUSED BY 


Steam Boiler Explosions 


Full information concerning the plan of the Company’s operations can be obtained at the 


COMPANY’S OFFICE, HARTFORD, CONN. 
- OR AT ANT 4 AGENCY. 

J. M. ALLEN, President W. B. FRANKLIN, Vice-President 

J, B. PIERCE, Secretary and Treasurer FRANCIS B. ALLEN, 2d Vice-President 

L. F. MIDDLEBROOK, Asst. Secretary L. B. BRAINERD, Asst. Treasurer 


BOARD OF DIREOTORS. 
We aoe Hon. FRANCIS B. OOOLEY, of the 


Bench & Co. ‘GEORGE BORNE AM, Baldwin Locomotive 
DANIEL PHILLIPS, of Adams Express Co. | or iladel 
RICHARD W. H. JARVIS, Pres. Colt’s SHIPMAN, Judge, U.8. 


Arms Manufacturing Co. 
THOS. O. ENDERS, Pres. United States Bank. | 0.6, LL ay ay Pres. Smyth Mfg. Co., Hart- 
BE Cone, Lack. CORBIN, of P. & F. Corbin, New 


Gun. WM. B. FRANKLIN, U. 8. Commit-) A. FAIRFIELD, President Hartford 


Hox. HENRY C. ROBINSON, Attorney-at-Law, ‘| Machine Screw Co. 


artford, Conn. 
ERAL AGENTS. OFFICES. 
THEO. H. BABCOCE New York City, Office, 160 Broadway. 
CORBIN & GOODRICH, Philad elphia, “ Walnut 
more, ‘commerce, 
LAWFORD & McKIM, Washington, D: C Si Bleventh N. W. 
Boston, I t. 
ence, ey t 
E. ROBERTS { Prova BL 29 Wey bosset St. 
H. M. LEMON, Chicago, II1., 169 Jackson Street. 
Cc. C. GARDINER, St. Louis, Mo., 5: 319 N. Fourth Street. 
8. R. BENJAMIN, Hartford, Conn., sts 650 Main Street. 
W. Gd. LINEBURGH & SON Bridgeport, Conn., ” 1 Sanford B’!’ 
BURWELL & BRIGGS, Cleveland, Ohio, = 209 Superior 
JAMES W. ARROTT, Lrp. Pittsburgh, Pa., = 401 Wood Street. 
MANN & WILSON, San Fran , Cal, ee 306 Sansome Street. 
THOS, F. DALY Denver, Col., “  Ernest-Cranmer Bld 
LOUIS v. CLARK & CO. Birmingham, Ala “ "9021 First Ave, 
TIE & SON Charleston, 8. C "2 44 Broad Street. 


HAS 
F, PESCUD New Orleans 818 Gravier Street 
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United Gas Improvement 


DREXEL BUILDING, 
Chestnut and Fifth Streets, 
PHILADELPHIA. 


THOMAS DOLAN, President. 


GEORGE PHILLER, Ist Vice-President. : 
SAM’L T. BODINE, 2d Vice-President and Gen’] Manager. 


RANDAL MORGAN, 3d Vice-President. 


EDWARD C. LEE, Sec’y and Treasurer. 
WALTON CLARE, Gen’l Sup’t. 


LEWIS LILLIE, Comptroller. 


DIRECTORS : 


GEORGE PHILLER, P. A. B. WIDENER. 
W. W. GIBBS, C. A. GRISCOM, 


W. L. ELKINS, 8. T. BODINE 


BUILDERS, LESSEES AND PURCHASERS OF 
GAS WORKS 


OFFICERS : 
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FRED'K A. GENTH, JR., 


~ CONSULTING AND ANALYTICAL CHEMIST, 
103 N. FRONT ST., PHILA,, PA. 


H. G. SCHRAMM, M.E., 
Designing of Special Machinery, 
602 N. 2d Street, CAMDEN, N. J. 


ARTHUR BEARDSLEY, 
M. Am. Soc. C. EB. M. A. 8. M. B, 


Consulting Engineer, 


SWARTHMORE, PA. 


W. F. DURFEE, 


CONSULTING ENGINEER, 
AND EXPERT IN PATENT CAUSES, 
Mail Address; 
77 Jewett Ave., West New Brighton, Staten Island, N.Y. 
Telegraph and Kailroad Station ; 
Port Richmond, Staten Island, N. Y. 

Plans furnished for Iron and Steel Works, Gas Furnaces, 
Machine Shops, Foundries, and other Manufacturing Estab- 
lishments. Machinery and Processes reported apon 


SAMUEL P. SADTLER, Ph.D. 


( Late Professor of Organic and Industrial Chemistry in the 
University of Pennsylvania) 


Consulting Chemical Expert 
IN ALL BRANCHES OF CHEMISTRY AS APPLIED 
TO THE ARTS AND MANUFACTURES 
Chemical Studies of New Processes and Technical 
Products; Reports made in connection with Patent Appli- 
— and estimony Prepared in Chemical Patent 


“042 Drexel Building, Philadelphia 


COLEMAN SELLERS, E.D., 


M. Inst. C. E., M. Inst. M. B., M. Am. Soe. E., &e. 


CONSULTING ENGINEER, 


OFFICE, 50 FORREST BUILDING, 
539 BOURSE, PHILA. 


L. F. RONDINELLA, M. E. 


CONSULTING ENGINEER, 


728 STEPHEN GIRARD BUILDING, 
Twelfth Street, above Chestnut, PHILA. 


R. H. THURSTON, 


CONSULTING MECHANICAL ENGINEER 
AND EXPERT, 
ITHACA, N. Y. 


DAVID EVANS, 
CIVIL ENGINEER AND ARCHITECT, 
204 8. Fifth S8t., Philadelphia. 


MILLIAZM GATZMBER, 
Civil and Mechanical Engineering, 
Marine Architecture, 


182 8. Delaware Ave., and Tacony, Philadelphia. 


Procured for In- 
ventions and De- 


OFFICE PRACTICE ONLY. 
signs. Trade- 
Marks Registered. 


PATENTS 


ed, Patent Causes, Examinations, Searches, 
etc. Call or send for Book of Instructions. 


WIEDERSHEIM & FAIRBANKS 
ie A. Wiedersheim No. 919 Chestnut St. 


im. Cs Wiedersheim 
E. Hayward Fairbanks PHILADELPHIA 


Space like this on this page, $6.00 
per year, payable on receipt of copy 
of Journal containing first insertion 
of adver. 


J. WILLARD GAMBLE, Mechanica! Draftsman. 
Complete and accurate working drawings made 
of Steam and Hydraulic Appliances, Etc. 


328 BOURSE BUILDING, PHILADA. 


Space like this on this page, $12 
per year, payable on receipt of copy 
of Journal containing first insertion 
of adver. 
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THE JOHN SCOTT 
Legacy Medal antl Hrenginm, 


The City of Philadelphia holds in trust under the legacy of 


John Scott, of Edinburgh, 


a sum of money, the interest of which is to be used for the encouragement of “ in- 
genious men and women who make useful inventions.” The legacy provides for 
the distribution of a Medal, inscribed 


“TO THE MOST DESERVING,” 


and Money Premium in the sum of $20 to such persons whose in- 
ventions shal] merit the same. The examination of the inventions submitted fo: 
the Medal and Premium has been delegated by the Board of City Trusts, of 
the City of Philadelphia, to the Franwxuimm Lyeetrroure, and the Insrrrors, under 
the competent assistance of its 


Committee on Science and the Arts, 


undertakes to make the investigations free of charge and to recommend for the 


award all meritorious inventions. 
Applications should be addressed to the 


SECRETARY OF THE FRANKLIN INSTITUTE, 


from whom all information relative thereto may be obtained. 
Pursxant to the regulations for the award of the 


JOHN SCOTT LEGACY MEDAL AND PREMIUM, 
The FRANKLIN INSTITUTE, of the STATE of PENNSYLVANIA 


has under consideration favorable reports upon accompanying applications. Apy 
objection to the proposed awarda, cr evidence of want of originality of the inven. 
tion, may be communicated to the Secretary of the Institute within three 
months of the date of notice. 
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fjall of the Institute. 


DECEMBER, 1899 


Notice is hereby given that the FRANKLIN InstITUTE, 
through its Committee on Science and the Arts, has recom- 
mended, subject to proper objection as hereinafter stated, the 


award of 
The 
John Scott Legacy Medal and Premium 


TO 


ROBERT J. FISHER, 


of Athens, Tenn., for his 


“IMPROVEMENTS IN BOOK AND LETTER 
TYPEWRITING MACHINES.” 


Auy objection to the above award should be commu- 
nicated within three months of the date of this notice to the 
Secretary of the Franxuin Institute, Philadelphia. 


WILLIAM H, WAHL, Secretary. 
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of the Institute. 


DECEMBER, 1899. 


Notice is hereby given that the Franxiin INsTITUTE, 
through its Committee on Science and the Arts, has recom- 
mended, subject to proper objection as hereinafter stated, the 
award of 


The 
John Scott Legacy Medal and Preminm 


TO 


MORRIS MOSKOWITZ, 


of Newark, N. J., for his 


“IMPROVED SYSTEM OF CAR LIGHTING.” 


Any objection to the above award should be commu- 
nicated within three months of the date of this notice to the 
Secretary of the FRANKLIN InstiTUTE, Philadelphia. 


WILLIAM H. WAHL, Secretary. 
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Founded by E. LITTELL in 1844. 


“Made up of every creature’s best.” 


A Weekly Magazine of Contemporary Literature and Thought. 


Published 
Every Saturday 
and giving about 


3500 pages a year 
of the 


World’s 
Best Literature 


including 

Science and Art 
Biography 

Politics 

Discovery 

Public Affairs 
Literary Criticism 
Fiction and Poetry 


Popular, yet of 
Permanent 
Value 
Indispensable to the 


Intelligent Reader 


As Heretofore 


THE LIVING AGE will continue to supply its 
readers with the Choicest of the Best, the 
Most Valuable Thought of the time. 


Each Weekly Number 


Contains sixty-four pages, in which are given, 
without abridgment, the most interesting and 
important contributions to the periodicals of 
Great Britain and the Continent, from the 
weighty articles in the quarterlies to the light 
literary and sccial essays of the weeklies. 


All Departments 
of knowledge and discussion which interest 
intelligent readers, with fiction and poetry, 
are represented in its pages. 


Original Translations 


of striking articles from Continental sources 
are made expressly for the magazine by its 
own staff of translators. ' 


A Short Story 
and an instalment of a serial story appear in 
each issue. 

A Monthly Supplement 


presents readings from the most important 
new books, editorial notes on books and 
authors, and a list of the books of the month. 


Published Weekly at $6.00 a year. Single Numbers, 15 ots. 


— READ THIS— 


In order to introduce THE LIVING AGE to the readers of the Journal of the 
Franklin Institute not now on its subscription lists, the publishers will send the 
two magazines, each one year, postpaid, for $8.75.. This offer is good only to 
absolutely New Subscribers to The Living Age. 


FREE 


To all NEW SUBSCRIBERS for the year 1900, remitting before Jan. 
1, the weekly numbers of 1899, issued after receipt of their subscrip- 
tions, will be sent FREE. 


Address THE LIVING AGE CO., P. 0. Box 5206, Boston, Mass, 
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CARY SPRING WORKS 


240 & 242 WEST 29TH ST., NEW YORK, U.S.A. 
3346—38th St. MANUFACTURERS OF 


All Kinds of ROUND -AND-FLAT. WIRE, 
TEMPERED AND 


For Machinery, __ 
Rolling Shutters, 
Motors, Etc. 


OF EVERY DESCRIPTION. 


music Box FINE SPRINGS 


BELTING 


PACKING HOSE 


Mechanical and 
Sundry 
Rubber Goods 


221 Chestnut Street 


R. M. POPHAM, Pres. and Mgr. 


CPRINGS r SPRINGS 
S| 
AY 
LAD ELLY 
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PHILADELPHIA, PA., U. S. A. 


BUILDERS OF 
PAPER-MAKING MACHINERY 
FRICTION CLUTCH PULLEYS 
CUT-OFF COUPLINGS, ETC. 


SUPERIOR STEEL CASTINGS 


SMALL SHAPES FROM % OZ. TO 100 LBS. WEIGHT A SPECIALTY 


Ms Manufacturers of Malleable Iron and Cast Iron Fittings, Threaded 
for Gas, Steam, Water and Oil Connections of Wrought Iron Pipe 


|. STANLEY C. FLACC & CO. 


TH 19th ST., PENNSYLVANIA AVE. 
PHILADELPHIA. 
220 BROADWAY, NEW YORK. 
Write for circular and card of Table of Decimal 


Equi a of Fractions of an Inch, and of Millimeters and 
Fr: of Millimeters. 


THE ELECTRIC STORAGE BATTERY 60. 


838 DREXEL BUILDING 
PHILADELPHIA, PA. 


SOLE MANUFACTURERS OF 
TRADE-MARK 


“Chloride Accumulator” 


REGISTERED SEPTEMBER 11, 1694 


Storage Batteries for Light *“« Power Plants 


SALES OFFICES 
NEW YORE, 20 and 22 Broad St. BOSTON, 60 State St. 
BALTIMORE, Equitable Building CHICAGO, 1424 Marquette Building 
CLEVELAND, O., 914 New England Building 
CANADA, The Canadian General Electric Co., Limited, Toronto 
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LINDEN HALL SEMINARY 


LITITZ, LANCASTER CO., PA., U, S. As 
FOUNDED 1794 INCORPORATED 1863 


A safe home boarding school for girls and young women, Christian in 
principle, but non-sectarian in practice, where the chief aim is the building 
of a noble womanly character. 

Preparatory, Academic and Post-Academic Courses. Special attention 
given to Music, Art and the Preparation for Coll 

For terms and illustrated catalogue wey & e Pri REV. CHAS. 
D. KREIDER, and do not fail to mention you saw this advertisement. 


TEACHERS WANTED, Teaches Agencies of Amaia 


REV. |. DO. BASS, 0.D., Manacen 
Pittsburg, Toronto, New Orleans, New York, Washington, San Francisco, Chicago, St. 
Louis and Denver. There are thousands of positions to be filled. We had over 8,000 vacan- 
cies during the past season. Teachers needed now to contract for mext term, Unqualified 
facilities for placing teachers in every part of the United States and Canada. Principais, 
Seperectenseme, Assistants, Grade Teachers, Public, Private, Art, Music, Clerks, 


etc., etc., wa 
Address all applications to WASHINGTON, D. C. 


PRANKLIN DRAWING SCHOOL 


Mechanical, Architectural and Free-hand Drawing — 
EVENING CLASSES ONLY 


CIRCULARS READY SEPTEMBER ist, 1809 
Apply to the Actuary, 15 S. Seventh St., Phila. 


The Franklin Institute 


Sehooi ot Elementary Mathematies 
EVENING CLASSES ONLY TWO TERMS YEARLY 


The duration of aterm is fifteen weeks of four class hours each. 
Classes will be in session Monday and Friday Evenings, 
from 7.15 to 9.15 o'clock. 
CIRCULARS READY SEPTEMBER 1st, 1899 
APPLY TO THE ACTUARY, 15 SOUTH 7th ST., PHILA. 
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AMERICAN ROLLER BEARING 
COMPANY 


Is the BEST AXLE BEARING 


FOR ALL KINDS OF VEHICLES 
BOTH HEAVY AND LIGHT 


NO BALLS TO CRUSH # NO CAGES TO 
WEAR OUT #% NEEDS NO ATTENTION 


Et combines an AMPLE ROLLING SURFACE 
WITH A PURELY ROLLING ACTION 
For DURABILITY, ECONOMY OF POWER 
AND SIMPLICITY OF. MECHANISM 


IT IS UNEQUALLED 


STANDARD SIZES are MANUFACTURED 
for BICYCLES, RUNABOUTS, CARRIAGES, 
WAGONS, TRUCKS & MOTOR VEHICLES 


The FOREIGN PATENTS ARE FOR SALE 
For FURTHER INFORMATION SEND TO 


OFFICE: 27 STA TREET, _ 
LONG ics 2363-4 BOSTON , MASS. 
Factory: 32 to 40 Binford Street, TELEPHONE, 3648-3 


The following Reports of the Examiners of the International Electrical Exhibition 
of the FRANKLIN INSTITUTE, held in 1884, have been published in pamphlet form, and 
will be mailed to any address on receipt of the price named. Address orders to 

Actuary of the FRANKLIN INsTITUTE, Philadelphia, Pa. 


Sect. V, VI and VIII.—Eleetric Lamps, Carbons for Arc Lamps,. ...... 20¢, 
« Conduits, ... ++ see eee 200. 
“ XXL—Fire and Bergiar Alarms, toc 
« XXII —Electric Railway Signaling Apparatus,. .. ... -+-s 50c, 
« XXIII.—Electro-Medical Apparatus, .. ee eee 20¢, 
“ XXV and XXVI.—Application of Electricity to Art, Artistic Effects and 

XXVII.—Application of Electricityto Warfare, .... ees 20¢. 
=\XXX.—Machinery and Mechanical Appliances, 20¢. 
Special Report.—Efficiency and Duration of Incandescent Lamps, ..... . g5oc. 
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